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FISH PASSAGE FACILITIES McNARY DAM 


Glenn Von Gunten,! A.M. ASCE, Hugh Smith, Jr.,2 J.M. ASCE, 
and Berton 
(Proc. Paper 895) 


SYNOPSIS 


Problems complicating planning and construction McNary Dam created 
fish passage facilities were surpassed only those river diversion and 
Although for the most part built integral with the primary project 
structures, passage facilities for upstream migrants increased the total pro- 
ject cost approximately $28,000,000, and will continue represent major 
item project operation and maintenance cost. The McNary faciNties are 
patterned after those provided Bonneville Dam with modification deemed 
appropriate from about years operating experience and subsequent 
studies the problems based the factual and research data available. 

This paper provides description the facilities, discussion the func- 
tional design, resume construction and operation problems, and discus- 
sion possibilities for further improvements design. 


INTRODUCTION 


Columbia River one the greatest fish producing river's the world. 
has been estimated that the value producer levels the products the 
Columbia River fisheries, including that part the ocean troll which the 
Columbia River salmon contributes, approximately $17,500,000 annually. 
This industry supported and maintained migratory fish populations which 
use the Columbia River and its tributaries for spawning. Four species 
Pacific salmon utilizing Columbia River are: chinook, silver, blueback, and 
chum. Another anadromous species, steelhead trout, contributes the com- 
mercial catch, but the main value this species the tremendous sports 
fishing. During the past years the number salmon and steelhead trout 


Note: Discussion open until June 1956. Paper 895 part the copyrighted Journal 
the Power Division the American Society Civil Engineers, Vol. 82, 
February, 1956. 

Asst. Chief, Eng. Div., Walla Walla Dist., Corps Engrs., Walla Walla, 
Wash. 

Hydr. Engr., Walla Walla Dist., Corps Engrs., Walla Walla, Wash. 
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passing Bonneville Dam annually has ranged from low 361,517 1944 
high 875,796 during 1952. The maximum peak day passage 48,582 was 
experienced September 1942. 

The problem preservation the commercial and sport fishery resource 
common all major water resource developments Columbia River and 
tributaries. McNary typical main stem Columbia River and Lower Snake 
River Projects. Excluding the possible reduction spawning grounds within 
the reservoir area, the primary problems are efficient and economical up- 
stream passage adult migratory fish populations their spawning grounds 
and downstream passage the fingerlings the ocean. 

Two fishways (Figure commonly designated fishladders, are the basic 
provisions for passage the adult upstream migrant salmonoids McNary. 
The entrance ways, counting stations, auxiliary water supply and complicated 
controls are appurtenances. The Washington shore and pressure fishlocks 
are facilities which are minor functional significance providing passage 
for the large salmon runs. The Washington shore lock serves auxiliary 
facility, since its primary purpose for experimental research. The pres- 
sure fishlock was installed for the single purpose research, but can 
used under limited conditions emergency facility. 

comparison the facilities provided for upstream migrants, only rela- 
tively minor special structural provisions were made for the downstream 
migrants. However, the problem was major factor establishing location, 
heights dams, and type turbines the over-all planning for development 
the Columbia and Lower Snake Rivers. Thus, downstream migrants be- 
came major factor the basic design McNary. Special project provi- 
sions for interest downstream migrants include split spillway gates and 
screening the Oregon gravity water supply intake. 

apparent those familiar with planning, design, construction, and 
operation dams rivers supporting large populations migratory fish 
that their efficient passage major problem. However, due the large 
water resource development program activities both private and public 
interests, many engineers are being exposed the problem for the first time 
major consideration planning and design. assist those engineers 
confronted with problems similar those McNary, discussions the de- 
sign assumptions are presented attempt distinguish between those 
criteria based factual knowledge and those This pointed out 
indicate that improvement design, economy, and efficiency fish facili- 
ties can attained only the replacement judgment factual knowledge 
obtained from research and 


Design Criteria 


Engineering and construction advancement through experience and research 
have made large water resource developments possible. Unfortunately, com- 
parative advances the technique maintaining anadromous fish runs did 
not take place. result, much factual data for design must replaced 
with judgment. effort develop scientifically derived criteria for fish- 
way design, simplify, and improve fish passing facilities, the Corps 
Engineers has recently initiated extensive research program specifically 
directed toward the problems encountered construction agency provid- 
ing adequate fish facilities major dams. This program supplemented 
and coordinated with other research programs Federal and State fishery 
agencies. 
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the onset planning for McNary Dam, the only successful design and 
operation fishways capable passing major fish runs over structure 
comparable height was Bonneville Dam. For this reason, the basic design 
features Bonneville fish passage facilities were used pattern 
McNary. Modifications were made conform with the latest information 
available and include equipment and methods that were considered more 
satisfactory. 

The design all upstream fish passing facilities based upon the princi- 
ple that anadromous fish their spawning migration instinctively swim up- 
stream until they reach the area which they were hatched, This basic 
principle tempered many factors such water temperature, turbidity, 
stream velocity, and chemical content the water. Since various species 
fish may react differently changed environmental conditions, the reaction 
the species concerned must taken into consideration specific fish- 
way design. 

principle, the criteria for the basic elements the fish passage facili- 
ties for upstream migrants may outlined follows: 


Criteria for Approach Fishway Entrances 


The major consideration approach conditions the development flow 
conditions leading entrances favorable the natural migration habits and 
instincts the fish. specific definition ideal conditions not available. 
Criteria are generally based judgment founded apparent successful con- 
ditions other installations, general observations migration habits under 
natural conditions, and known adverse conditions such slackwater, reverse 
currents, and extremely high velocities. Probably one the most effective 
means providing satisfactory approach conditions placement entrances 
locations the natural migratory paths rather than attempting create 
flow conditions lead the fish from their path the entrance. McNary 
this principle was used providing main entrances each shore, entrance 
between the spillway and powerhouse, and collection system with entrances 
close intervals across the entire downstream face the powerhouse. 
addition the strategic location principle, detail design, and location were 
studied hydraulic models. Excavated approach channels, special guide wall 
design adjacent the spillway, and large volume supplemental attraction 
flow were provided eliminate adverse hydraulic conditions achieve at- 
traction conditions that appeared most desirable. General consideration was 
given the total volume river discharge the determination the volume 
attraction flow needed. 


Criteria for Fishway Entrances 


Although location the entrances and approach conditions are probably 
the most significant factors fishladder design, adequate velocities must 
maintained through the entrance induce fish continue upstream. Again 
criteria the required depth flow over the sill and width entrances 
are largely based judgment. Theories “easy find” and prevention 
“sense fear confinement” together with the magnitude the river, size 
the migrant species, and maximum number migrants expected per day 
are considered determining entrance requirements. 
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Criteria for Fishways 


Fishway criteria are predicated establishment conditions for mini- 
mum interference with migration instincts passage from the entrance-way 
the forebay. The principal factors are favorable width, depth, velocities, 
confinement, magnitude run, and size species. The height dam, length 
ladder, and the maximum volume fish passed day are factors 
leading widely varied opinions width ladders, length pools between 
successive steps, and the desirability resting pools. McNary, considera- 
tion was given the density fish relation the volume water during 
the period maximum concentration. Actual density the maximum daily 
concentration fish expected McNary Dam was not known, but esti- 
mates were made based Bonneville counts reduced estimated spawning 
streams between the two dams and estimated commercial catch above 
Bonneville Dam. Factual data actual requirements urgently needed and, 
except for observed successful passage facilities existing projects, little 
more than obvious extremes are known. The physical features the ladder 
are designed eliminate the possibility injury the migrants insofar 
practical. The relative hazards fishways those the natural stream 
are unknown and would vary between project sites. Recent experiments and 
operational observations indicate that ladders providing passage sub- 
merged orifices only may efficient the McNary and Bonneville de- 
signs which provide both overflow weirs and submerged orifices for passage 
from pool pool the ladder. 


Criteria for Counting Stations 


Provisions have been made for counting migrants all fishways con- 
structed the Corps Engineers. Until the fall 1950, complete count 
was made all fish passing Bonneville Dam. Since then, counting has been 
suspended during winter months when only very small percentage an- 
nual fish passage takes place. Although counting provides valuable informa- 
tion, expensive operation, and possibly deterrent fish passage. 
The water passage feet wide and has minimum depth feet 
McNary counting stations. Experience has dictated converging the passage- 
way approximately feet wide and inches deep provide adequate ob- 
servation the counter. Construction facilitate counting certainly not 
the most satisfactory condition for efficient fish passage. Studies have been 
initiated recently towards developing less expensive method counting fish 
well developing counting stations with less confinement. However, due 
the many factors encountered, doubtful economical means will 
developed count without confinement locations having large runs 
several species fish. 


Criteria for Fishway Exits 


The main requirement for fishway exit location. should posi- 
tioned relatively low velocity water and considerable distance from 
either the powerhouse intakes the spillway. Tagging studies Bonneville 
Dam have shown that some salmon are swept cownstream over the spillway 
before they orient themselves for further migration when they are 
released the vicinity the spillway. 
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Specific Criteria 


Through series conferences with representatives fishery agencies, 
specific criteria enumerated below were established for design facilities 
installed McNary Dam. The criteria were modified minor extent 
application extreme flow conditions infrequent expectancy. 


Fishway entrance velocity 4.0 fps 
Minimum velocity over submerged weirs 2.0 fps 
Velocity through submerged orifices 8.0 fps 
Velocity through gross area diffusion gratings 0.25-0.30 fps 
Maximum velocity through gross area wall diffu- 

sion gratings 0.50 fps 
Maximum velocity front water intake screens 1.5 fps 
Minimum discharge from any primary fishway 

entrance 1000 cfs 
Water surface drop each weir inches 
Head each weir inches 
Width ladder feet 
Height weirs feet 
Number orifices per fishladder weir 
Automatic control equipment sensitive 0.1 foot 

change water levels. 


Washington Shore Fishway 


The Washington shore fishway (Figure reinforced concrete struc- 
ture approximately 2200 feet long and located between the navigation lock and 
spillway dam provide the primary means for upstream migrants along that 
shore surmount the dam. Basically, the fishway series pools 
feet long and feet wide, separated weirs each one-foot higher than the 
preceding one. The entrance tailrace level and exit reservoir pool 
level. The series pools total run varies length from about 1,520 
1,840 feet, dependent upon tailwater and reservoir levels. Operation within 
limits the established design criteria can achieved for pool elevations 
ranging from elevation 335 342 and between minimum tailwater elevation 
248 maximum elevation 274. Maximum tailwater elevation represents 
flow 600,000 cfs and approximately that which normally occurs during 
spring floods. fishlock also provided the Washington shore fishway 
which operates similar manner the navigation lock. The fishlock, 
30-foot chamber, not considered independent facility McNary 
since the fish must both enter and exit through the fishladder facilities. 


Entrance Facilities 


Adult salmon may enter the fishway over one four entrance weirs, each 
which feet wide. During normal operation, three the four entrance 
weirs are operated simultaneously. Proper design and operation entrances 
the fishway important since the migrants must attracted through this 
passageway. Having passed the entrance, little difficulty experienced 
inducing the salmon continue the ladder and into the pool. 

Several criteria were established representatives both State and 
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Federal fish agencies for operation the entrance weirs. These criteria are: 


The downstream entrance weirs automatically ~perated and sensi- 
tive 0.1 foot tailwater elevation fluctuations. 

The minimum depth flow feet over the entrance weirs. 

The velocity over entrance weirs feet per second. 

The minimum discharge approximately 1,000 cfs for any main en- 
trance. 


was determined from hydraulic model testing that the most desirable lo- 
cation for entrance from the spillway stilling basin was approximately feet 
upstream from the main entrance point where velocities would approxi- 
mately fps since fish would have difficulty penetrating further into 
the stilling basin. the tailwater rises with increasing river discharge, the 
fishway flow must also increase produce favorable guiding effect for fish 
approaching the entrance and produce adequate velocities the portion 
the ladder submerged tailwater. meet this established criteria with 
minimum attraction flow approximately 1,000 cfs, three the four weirs 
are operated 6-foot depth with resulting velocity fps over the weirs. 
Four telescoping type weirs, each having three leaves feet 8-3/8 inches, 
operate from elevation 242 267, range feet. The weirs are raised 
lowered stationary hoists and normally are automatically maintained 
predetermined depth below tailwater system floats, selsyns, relays, 
and limit switches. Operating experience during the first year’s use indicates 
that the automatic controls are very satisfactory. 

Additional features including picketed fish leads, baffled approach chan- 
nel and auxiliary manifolds were constructed provide conditions thought 
optimum the entrances. Model studies indicated that baffled approach 
channel would reduce the approach velocities and thereby improve conditions 
for fish approaching the entrance river flows less than 200,000 cfs. Al- 
though excavated rock, the radial patterned channels all but disappeared 
during the 2-year construction diversion the entire river through the 
spillway bays. Large flow concentrations with lower tailwater elevations 
than would normally occur for the completed project resulted extensive 
erosion the rock downstream from the stilling basin and deposition ma- 
terial the excavated fishway channel. However, the existing approach con- 
ditions, appear satisfactory. Picketed leads, consisting 1/4 12-inch 
plates set frames direct the flow angle degrees from the 
direction flow the spillway were installed extended piers for spillway 
bays 21, and 22. (See Figure 2.) Although approximately 4-inch clear 
opening exists between the leads, welded-wire fabric the downstream side 
the frame reduces the net clear opening inch. The purpose picketed 
leads provide directional component the flow guide the fish toward 
the side entrance the fishway. Although operational experience with picket- 
fish leads McNary has not been satisfactory, proposed future tests are 
required determine the full value that can derived their use. 

Manifold ports located beneath the bottom the entrance weirs provide 
additional flow assist obtaining directional control eddy caused 
spillway discharge and supplement attraction flow provided entrance 
weirs. 8-foot gravity supply conduit controlled slide gate pro- 
vides much 2,000 cfs the manifold beneath the three downstream en- 
trances. Gravity flow the manifold beneath the side entrance into spillway 
bay controlled three 20-inch rotovalves. During normal operation 
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the project when river flow excess the power demand, all manifolds 
are operated produce the most favorable attraction conditions. 

Flow required fulfill the velocity criterion fps over fixed weirs sub- 
merged tailwater supplied diffusion chambers located the ladder. 
Flow introduced horizontally across stepped-floor over which bubbler 
beams and gratings are installed. Model studies and actual operation indicate 
that the combination the stepped-floor, the 12-inch concrete bubbler 
beams placed transversely the direction flow and the grating composed 
6-inch wooden slats spaced give clear openings and forming 
the floor the ladder provide very satisfactory results. The basic criterion 
limits flow through the diffuser velocity 1/4 fps through the gross area, 
1/2 fps through the net area. This results design discharge 150 cfs 
for diffuser located between two fixed weirs feet apart the foot wide 
fishladder. The relatively low velocity through the floor area and the close 
spacings the grating were provided reduce the tendency salmon from 
being attracted toward the floor and prevent entry fish into the diffuser 
chamber. total diffusers supply gravity flow the ladder from the 
area between the entrance and weir 272. Control flow these areas 
accomplished 34, 20-inch, rotary-type valves. Because the disturbing 
effect air bubbles salmon, was not possible use air vents any 
control valve for the auxiliary water supply system. Based model tests 
19-inch orifices were installed the discharge end the 20-inch supply con- 
duits the expansion wells, produce sufficient back pressure preclude 
cavitation conditions. Although noises emitting from the diffuser piping which 
resemble muffled machine gun are excessively loud and challenge the validi- 
the design, observations the piping and interior the expansion wells 
has not yet revealed any serious cavitation erosion. flow varying from 
approximately 1,000 cfs 2,500 cfs supplied through the diffusers depend- 
ing the tailwater elevation. 


Fishladder Proper 


The fishladder proper consists reinforced concrete flume channel 
feet wide which weirs feet high are installed 20-foot centers. 
the floor slope one vertical horizontal, series pools having 
drop one foot between pools produced. Two orifices inches high 
inches wide with centerline feet from wall and bottom flush with the lad- 
der floor are located each weir. Thus, ascending adult salmon may either 
swim through the orifices over the weirs. The lowest fixed weir ele- 
vation 248, the minimum design tailwater and the highest elevation 333. 
For identification, the weir number denotes crest elevation the weir. Tilt- 
ing and regulating weirs are used above elevation 333in the exit area. Normal 
operation McNary Dam provides head slightly excess inches 
each weir resulting flow cfs through the orifices and 120 cfs over 
the weir. was anticipated prior operation that normal operating head 
would vary between and inches, but experience has indicated that in- 
crease the head much above inches produces undesirable flow conditions. 
higher heads, the flow has tendency stream over the pool surface in- 
stead plunging over the weirs. Based experience Bonneville Dam and 
other fishladders, inches head weirs with plunging flow con- 
sidered the most desirable operating condition. intermediate flow 
condition which some streaming occurs over the center third with plunging 
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flow the ends the weir also believed produce satisfactory flow con- 
ditions. The fishladder should, also, operate over sufficient range head 
prevent short period pool fluctuations from changing flow characteristics. 
The most troublesome problem McNary occurred not with excessive head 
but with insufficient head the weirs during the construction period when 
the water supply was limited installed pump capacity. When insufficient 
flow provided produce inches head the weirs resonant wave 
pattern appears the fishladder. previous paper McNary men- 
tioned this observed phenomena. amplify the discussion this specific 
problem worthy note that this undesirable condition was not observed 
model studies nor was thought problem based operation ex- 
perience Bonneville. probable that insufficient length ladder and 
number weirs were provided the 1:16 scale model establish the surge. 
The combination flat-top weir crests, baffling effect piers within the 
ladder, changes ladder width, and the curved alignment the fishladder 
effected reduction extent and range occurrence the surge Bonne- 
ville. Many theories cause and measures for prevention the surge 
were volunteered when this problem became evident McNary. However, 
the type problem encountered does not lend itself straight-forward analy- 
sis since combination both weir and orifice flow are involved. Following 
limited prototype tests McNary, model studies were initiated determine 
the cause, the most practical remedial measures eliminate the disturbance 
McNary, and the most satisfactory design for fishladders The Dalles 
Dam now under construction. Although the model studies are not completed 
has been found that significant reduction surge could effected 
varying the number the orifices, the location orifices, removing 
the bend the fishladder. Contrary one early school thought, elimina- 
tion the orifices did not stop the surge, but actually resulted less de- 
sirable flow conditions because the surge remained higher head the 
weir than for the original design. Several methods reducing the surge from 
maximum approximately feet the original design have been found. 
The surge may reduced minor disturbance altering the weir crest 
shape, constructing alternate pools different widths, and installing 
baffles reduce the transverse flow across the pools. Separation the 
nappe from the downstream face the weirs was noted for all weir plans 
which effectively eliminated reduced the surge. Since nappe separation 
influenced aeration and surface tension which are not reproduced scale 
atmospheric model using water the fluid, possible that similar 
action may not obtained the prototype. quite probable that satis- 
factory control the surge for McNary fishladder can accomplished for 
lower flows revision the weir crest shape. revision the weirs 
McNary necessary only reduced operating head the weirs re- 
quired very satisfactory operation maintained the automatic flow regu- 
lating system located the upstream end the fishladder. 

reference general design the hydraulic structures, the ladder 
monoliths are feet length and provided with copper water stops. Con- 
siderable leakage has occurred many the joints resulting appreciable 
maintenance due ice during winter months. Leakage has not been observed 
date the Oregon shore ladder where rubber water stops were installed. 


McNary Dam Design from Technical Considerations, San Diego ASCE 
Convention, February 1955. 
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The principal exit facilities are the tilting weirs, flow regulating weir, 
counting station, fishway exit, and gantry crane for operation and mainte- 
nance. The exit area that portion the ladder where flow control ac- 
complished and provision made for counting the fish they swim into the 
pool above the dam continue their migration upstream spawning areas. 

The seven tilting weirs and the regulating weir automatically provide flow 
control for pool fluctuations between elevation 335 and 342. The tilting weirs 
provide necessary continuation the pool steps and the regulating weir pro- 
vides the actual quantitative control the flow for the varying pool elevations. 
The regulating and seven tilting weirs function unit provide the desired 
flow conditions. The floor the fishladder the exit area level eleva- 
tion 328 from weir 334 through the tilting weir section upstream the count- 
ing station. The tilting weirs are provided with two orifices, inches 
inches, and are larger than those the fixed weirs due lesser coefficient 
discharge. 

The seven tilting weirs, hinged the bottom, may rotated through 
angle degrees, horizontal vertical two gear racks pivoted weir 
top. single 1-1/2 horse power motor mounted the deck drives the pinion 
gears through shaft-coupled gear reducers for each weir. The regulating weir 
telescoping type weir composed two leaves capable operating between 
elevation 333.6 341.8 nominal speed foot per minute. The most 
significant features this system are that provides adequate control the 
flow and operates automatically for changes pool elevation. float- 
controlled selsyn system provides the automatic control for the entire system 
including the seven tilting weirs and the regulating weir. the pool elevation 
changes, the regulating weir moves retain its same respective depth below 
the pool, and the upstream tilting weir also moves retain the same differen- 
tial across the tilting weir. When the upstream tilting weir loses control 
when further movement the weir longer reduces the water surface, the 
next tilting weir downstream having crest elevation one foot lower than the 
upstream weir will automatically move provide the required differential 
water surface either side the regulating weir. previously mentioned, 
the function the regulating-tilting weir system extremely important since 
rather fine limits are required provide stable flow conditions the fish- 
ladder. alarm system installed notify the operators any malfunc- 
tioning the system. This includes power failure, incorrect weir operation 
and low water. staff gage mounted the fishway wall upstream from weir 
332 provides visual check the operating head the fixed weirs. Although 
the system has operated less than one year the results date have been ex- 
cellent. 


Counting Station 


The counting station constructed for the specific purpose counting and 
identifying species fish traveling upstream. consists “V-trap” and 
shelter where person may observe all upstream migrating fish (Figure 3). 
The “V-trap” consists 4-foot counting board located the center the 
flume flanked either side wing gate assembly forming the “V.” Each 
wing gate assembly composed two telescoping gates 5-feet high, picket 
panel resting the telescoping gates and barrier screen resting the 
picket panel. The telescoping wing gates are operated produce desired at- 
traction velocities through the picket sections and induce fish swimming 
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near the bottom rise find the opening over the counting board, the only 
upstream exit from the channel. The wing gates can operated from eleva- 
tion 331 when fully telescoped elevation 341 when fully extended. The pick- 
panels produce the desired directional component toward the walls guide 
the ascending fish horizontally toward the counting board. These panels are 
composed 7-1/2 3/16-inch plates spaced 1-3/16-inch centers angle 
degrees. Although welded-wire fabric was welded downstream face 
the picket panels, has been removed because difficulty with debris. 
The counting board and exit gate frame are integral and move independently 
the telescoping weirs. The louvers the gate are slanted direct the 
flow downward and thereby attract the fish vertically toward the counting 
board. Closure the counting station passage fish may effected 
either lowering welded-wire barrier gate raising the counting board 
above the water surface. All control the counting station equipment may 
accomplished from within the counting house, 8-foot inclosure 
equipped with 4-foot window overlooking the counting board. The 
counting house hoist-operated from within the inclosure permit the fish 
counter enter the house deck level and lower the entire house close 
desired the water surface. The counting board painted white and 
shielded both vertical and horizontal shades prevent undesirable re- 
flections and shadows. imperative that optimum flow and light conditions 
provided the counting board prevent delay fish passage and as- 
sist the counters identify the fish. interesting note that, addition 
adult salmon and steelhead trout using the ladder, large numbers other 
types fish including lampreys move through the fishways. During 1954 
approximately 310,000 salmon and steelhead trout and 751,000 other fish in- 
cluding 100,000 whitefish were counted they passed over the McNary count- 
ing boards. The counting station normally operated continuously during the 
day-light hours, approximately hours, from April October when the 
large portion the fish run normally occurs. Both preceding and following 
this period for about six weeks, the counting station operated hours day. 
During the remaining months the number fish passing insignificant and 
count attempted. Passage through the station then provided hours 
day. The question whether not operate the counting station night 
debateable, but checks McNary Dam indicate only approximately 
percent the total count passed the counting board between 8:00 p.m. and 
4:00 a.m. The counting station normally closed during this period drop- 
ping the barrier screen the board. 


Fishway Exit 


Exit fish from the ladder accomplished through pair openings in- 
the upstream navigation lock approach. Trashracks are provided pre- 
vent large floating debris from entering the ladder and yet permit fish swim 
through the bars. Although two racks are included, has been necessary 
stoplog one the openings attain adequate velocities the exit. 
using one opening the velocity through the gross area was increased from ap- 
proximately 0.3 fps 0.6 fps with positive results moving the salmon from 
the counting board through the exit. Deflection floating debris from the lad- 
der exit and trashracks accomplished foot deep concrete beam con- 
structed flush and integral with the navigation lock wall between elevation 341 
and 336. Actual operation indicates that this beam should have been 
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constructed approximately feet deeper prevent clogging the trashracks 
during periods when the pool below approximately elevation 337. floating 
log boom has been overcome this problem. 


Washington Shore Fishlock 


During the early planning for McNary Dam was considered essential that 
fishlock included one the fish passing facilities to: (1) provide 
auxiliary method passing fish case failure necessary closure the 
north shore fishladder, and (2) provide experimental facility improved 
design which would overcome major deficiencies experienced the fishlocks 
Bonneville Dam. The major deficiency the operation the Bonneville 
Dam fishlocks the apparent inability attract fish into the lock chamber. 
McNary, this deficiency has been overcome placing the fishlock such 
position that the fishladder entrance and lower weirs could utilized the 
fishlock entrance. The fishlock constructed permit its operation 
either with without the fishladder proper operation. However, either 
method operation requires the functioning both upper and lower segments 
the ladder. The upstream migrants swim from the fishway entrance past 
the lower weirs, through the lock entrance pool into the fishlock. There they 
are raised gravity flow hydraulic lockage similar that single lift 
navigation lock forebay level and channel leading into the ladder immedi- 
ately downstream from the counting station. 

The entrance divergence from the fishladder located immediately up- 
stream from weir 252 the fishladder and equipped with 20-foot wide 
telescopic weir the same type the ladder entrance weirs. The crest leaf 
surmounted arrangement vertical steel rods curved upstream 
prevent fish from returning downstream over the weir. This arrangement 
called finger-trap. Since the weir does not have orifices, the only method 
entry into the holding pool over the weir. lock entrance pool, approxi- 
mately feet horizontal section, which serves holding basin for 
fish during portion the fishlock operation cycle provided between the 
entrance and lock. During fishlock operation continuous water flow main- 
tained over the entrance weir allowing uninterrupted passage fish from the 
fishladder the holding basin. 

The 10-foot wide opening between the holding basin and the fishlock 
feet height accommodate fish passage throughout wide fluctuation tail- 
water levels. The lock entrance equipped with ten-foot high entrance gate 
and segmented gate consisting eight 4-foot segments. The elevation 
the opening for fish passage may adjusted accordance with the tailwater 
elevation lowering the required number segments the bottom and hold- 
ing the remaining segments suspension. This gate also serves weir 
over which water flows providing passageway for fish into the fishlock 
chamber. The upstream skin plate extended approximately inches 
provide sharp-edged weir crest which considered more desirable for fish 
movement than flat-topped crest. 

The fishlock chamber, vertical shaft feet horizontal section, 
provides for foot hydraulic lift. diffusion area located the floor 
designed supply attraction flow through the lock chamber entrance into the 
entrance pool during “fishing” operations and distribute inflow uniformly 
the lock chamber during filling operations. The diffusion chamber simi- 
lar design those the fishladder. The exit gate the top the fishlock 
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chamber, approximately 6-feet wide 18-feet high, connects the fishlock 
and exit channel. The gate the raised position prevents the water the 
wide exit channel from flowing into the lock chamber. When the lock 
filled with water, the gate lowered that the top the gate flush 
with the exit channel floor. 

important fishlock feature the brail, moveable, slatted lock cham- 
ber floor supported hoist cables. used urge fish from the lock 
chamber into the exit channel. The slatted floor slopes from three the 
outside edges small horizontal area immediately front the exit gate. 
Except the extreme raised position, the brail remains under water. 
finger-trap attached the brail and positioned just inside the entrance 
weir. This feature prevents the fish from moving out the fishlock chamber 
during periods fishing. 

Water for the fishlock supplied from forebay gravity through 42- 
inch conduit. This conduit equipped with 39-inch emergency valve 
the dam section and regulating valve the same size located near the 
lock chamber. The emptying conduit and valve are the same size those 
for the filling conduit. the fishlock side the valves, the conduits join 
form common conduit connected the fishlock diffusion area expansion 
wall. Conduit sizes were chosen allow filling emptying time 
minutes depending upon tailwater and forebay levels. 

transportation flow cfs the exit channel flows into grillage and 
sump adjacent the fishlock through 20-inch pipe either the fishlock 
chamber entrance pool. the lock “fishing,” the water enters the lock 
diffusion chamber and flows over the entrance weir into the entrance pool. 
When the lock filling discharging fish, the water diverted direct the 
diffusion area the lock entrance pool. This provides constant water sup- 
ply flowing from the lock entrance pool the fishladder. 

provide optimum attraction under certain tailwater conditions, three 
fishladder weirs immediately downstream from the fishlock divergence from 
the ladder are equipped with tailwater-controlled telescopic weirs which can 
set maintain one-foot differential between pools leading the fishlock. 
When not use, these weirs are raised above water level and locked stor- 
age position. 

The fishlock can manually automatically controlled for operation 
through the fishing, lockage, and exit cycle any predetermined schedule. 
Tests have been initiated determine the most efficient timing and the rela- 
tion timing operations the fish carrying capacity the lock. 


Auxiliary Water Supply 


The auxiliary water supply for the Washington shore fish facilities 
feature that provides interesting hydraulic problem that not evident from 
superficial examination. The problem involves the design and operation 
hydraulic system capable taking gravity flow with large energy content 
from forebay and releasing the flow into the fishladder specific locations 
low energy content. Complicating the problem the specific require- 
ment that valves must not vented. the pressure reducing system pro- 
vided, water introduced into three 6-foot 8-foot conduits through bell- 
mouth entrances having invert elevation 271 feet below normal 
pool. 4th intake provides flow through 42-inch round conduit the fish- 
lock. Two the 8-foot conduits supply flow the fishladder floor 
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diffusion areas and the remaining conduit provides flow the manifold be- 
neath the three main ladder entrances. Trashracks with bars spaced pro- 
vide 7/8-inch clear openings are located upstream from the intakes. 
hydraulically operated emergency slide gate for each the four conduits 
located valve house the tailrace deck. the name implies, these 
valves are not used for regulation and remain full open closed position. 
The actual control flow through the conduits accomplished 20-inch 
rotary-type valves. The rotary-type valves are opened and closed from tail- 
race deck manual operation portable stand. Due the large gear 
ratio, the valves are opened this stand undesirably slow rate through 
the partially-open position. would advantageous provide power- 
operated stands which would minimize the period time the valve and piping 
are subjected extreme pressure conditions present during the period 
opening closing the valves. Although appreciably higher cost, the rotary- 
type valve with smooth, continuous, and unrestricted waterway was chosen 
avoid vibration, leaf chatter, and cavitation since design criteria did not per- 
mit addition air into the fishladder. was considered unsafe operate 
conventional gate valves unvented the part-open positions with velocities 

excess conventional, 20-inch gate valve was installed lo- 
cation adjacent rotary-type valve where observation relative perform- 
ance can made. not known present the gate valve will withstand 
the extreme flow conditions which subjected. Dissipation energy 
accomplished within vertical expansion well constructed the wall the 
fishladder where high velocity flow emerges horizontally from two 20-inch 
pipes impinge steel lined vertical wall. This flow deflected de- 
grees downward section that expands area approximately 
square feet where introduced horizontally into the stepped floor the 
diffuser. Satisfactory velocities have been attained the ladder without ex- 
cessive boiling turbulence the diffuser areas this system. These 
valves are not operated the partially open position. 

The method supplying auxiliary water the Washington shore fishway 
only one various methods that may economically utilized and should 
not considered the most satisfactory for all applications. Alternate meth- 
ods that should considered are: (1) low pressure gravity supply, (2) large 
low head pumps provided the Oregon shore, (3) small low head pumps 
located the individual diffusers, (4) turbines capable utilizing difference 
potential between headwater and required pressure gradient the fishway 
supply conduit. selecting the most feasible method supply, full consider- 
ation should given to: (1) first cost installation, (2) probable larger 
maintenance costs high pressure system over low pressure system, 

(3) provision for use auxiliary water supply system during the construction 
period, (4) operating costs including cost power for pumping, (5) value 
gravity flow water with full consideration given the potential loss power 
plant capability, (6) and reliability operation. 


Oregon Shore Fishways 


The Oregon shore fishway (Figure very similar the Washington 
shore fishway above weir 253, but the facility below this point more com- 
plicated due multiple entrances, two auxiliary water supply systems and 
the actual magnitude the facility. There are three entrances which fish 
are attracted and led the Oregon shore fishladder: (1) main entrance 
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(Figure the non-overflow section the dam between the spillway and the 
powerhouse, (2) powerhouse fish collection system, (3) and the Oregon shore 
entrance. Fish entering the non-overflow entrance are led through closed 
fish channel extending across the powerhouse junction pool where joins 
the powerhouse collection channel and the Oregon shore entrance channel. 
Fish attracted the efflux from the draft tubes may enter any the 
powerhouse fish collection channel entrances and travel within this channel 

the junction pool. Any migrants following the tailrace south shore are 
attracted the outflow from the Oregon shore entrance, and after entering 
it, traverse short channel leading the junction pool. Although diffi- 
cult designate one the fishladders the most important, generally 
believed that the Oregon shore facilities will provide passage for greater 
numbers adult salmon than the Washington shore fishladder since iarge 
portion the year all river flow excluding fishway flow, lockage 
and other losses, will used develop hydro-electric power. Thus, with 
flow through the spillway from about mid-August mid-April, the majori- 
ascending salmon should attracted into the Oregon shore facilities 
increasing the importance optimum operation those facilities. 

Auxiliary water for all diffusion chambers below 253 supplied 
pumped, low-pressure supply conduit. Three large pumps, each capable 
delivering cfs, produce the desired attraction flow. gravity, high- 
pressure water supply provided the diffusers above weir 253. This com- 
bination was chosen the interest economy. also provides additional 
emergency protection against total loss auxiliary water supply. 


Powerhouse Fish Collection System 


This system, the largest collecting unit McNary Dam, consists 
17.5-foot wide channel with bottom elevation 236 extending the full power- 
house length immediately above the draft tubes (Figures 6). excess 
one-fourth mile length. Channel entrances from tailrace consist 
ten-foot wide openings, which are blocked with stoplogs and are 
equipped with automatically operated gates which may used either over- 
flow weirs submerged orifices. Gated and stoplog openings are inter- 
changeable allowing placement gates locations most favorable flow 
conditions. The channel flow necessary maintain fps transportation 
velocity varies with fluctuations tailwater. Regulation achieved vary- 
ing the junction flow entering the channel the south end the power- 
house. Transportation flow varies from 464 cfs minimum tailwater ap- 
proximately 1,300 cfs river discharge 700,000 cfs. Discharge each 
gate, either over collecting weirs through submerged orifices, remains 
constant cfs, for total 2,640 cfs. Four floor diffusers serve three 
entrance gates each main power unit and two diffusers serve the two en- 
trances the station service units. Flow these diffusers controlled 
3-foot unseating slide gates mounted the supply conduit outside wall. 
Model tests indicated that 2-foot differential could occur the tailrace 
water surface sloping from the Oregon shore toward the spillway. main- 
tain the proper flow from the collection channel, essential maintain 
water surface slope the channel parallel the tailrace slope. Since natural 
water surface slope for velocity fps usually less than the tailwater 
slope, the steeper slope required provided pairs vertical-pivoted, 
wing-gates. Fishery agencies requested that the surface drop not exceed six 
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inches each pair gates; hence, four pairs gates are provided equal 
intervals the channel regulate for the maximum expected differential 
feet. additional pair gates located the junction pool aid flow 
distribution. All gates and weirs may operated manually automatically 
float-controlled water surface fluctuations. the north end the channel 
automatically-operated telescoping weir provides the required difference 
water surface elevation between the collection channel and the main fish- 
entrance the non-overflow section. Powerhouse collection system en- 
trance gates McNary are now being operated shallow submerged orifices 
since operational tests Bonneville Dam seem indicate such operation 
more effective fish passage than overflow weirs. 


South Non-Overflow Fishway Entrance 


This entrance (Figure 5), very similar the entrance the Washington 
shore fishladder, has three 15-foot wide openings leading large entrance 
pool with alternate 15-foot entrance through the spillway guide wall from 
the stilling basin. Only three these entrances are operated one time. 
All entrances are equipped with float-controlled, 
telescoping weirs. Although the south non-overflow entrance nearly iden- 
tical structurally the Washington shore entrance, these weirs are operated 
produce specified differential water surface above and below the en- 
trance weirs where the Washington shore weirs are maintained con- 
stant depth below tailwater. The normal differential will inches pro- 
duce the required fps velocity. 

The diffusion chamber located the entrance pool immediately upstream 
from the entrance weirs the largest the Oregon shore system with de- 


sign capacity 870 cfs and supplied through five 6-foot sluice gates 
located the upstream chamber wall releasing water into expansion well 
dissipate excess energy. From the expansion well the water rises and 
passes along transversely-stepped floor the diffusion chamber which de- 
flects the flow upward through bubbler beams and entrances pool floor grat- 
ings. The water supply from the fishway pumphouse. 


Closed Channel 


The “closed” “back” channel, 16-foot wide with bottom elevation 242, 
conducts fish from the south non-overflow entrance the Oregon shore junc- 
tion pocl. This channel paralleling the collection channel, which theoretically 
could serve the same purpose was considered offer too many opportunities 
for fish return tailrace through collection system entrances while trav- 
ersing the length the powerhouse. Operational tests are being made de- 
termine the effectiveness the facility. Such tests may indicate the actual 
need lack thereof for the “closed” channel McNary and similar pro- 
jects with exceptionally long collection channels. Since the channel joins two 
pools which water surfaces differ more than that required produce 
the desired flow, six pairs wing-gates the same design and purpose 
those the collection channel are installed. 


Methods Operation 


Transportation flow provided the junction pool through the closed chan- 
nel the non-overflow entrance becomes part the entrance attraction 
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flow. However, two methods disposing transportation flow from the 
powerhouse fish collection channel may used. One, the so-called “open” 
system, allows flow pass through picketed leads the south non-overflow 
entrance pool where may utilized entrance flow. Pickets prevent fish 
from entering the collection channel and guide them toward the closed channel. 
The “closed” system operation requires closing the telescoping weir the 
north end the powerhouse channel and spilling transportation flow over 
the last two collection channel weirs. the interest conserving water, 
was envisioned during planning the structure that normal operation would 
the “open” system unless disturbances caused flow through the pickets 
detracted from the non-overflow entrance efficiency. 


Oregon Shore Fishway Entrance 


This entrance provides direct access the junction pool and fishladder 
for fish following the south shore the tailrace. has two 15-foot openings 
equipped with telescoping weirs designed and operated the same those 
the south non-overflow entrance. Immediately upstream from these weirs, 
side-wall diffusion chamber provided. This was necessary because there 
was insufficient space for floor diffuser. Since the water surface the 
junction pool must least inches higher than the entrance main- 
tain the required flow through collection system weirs orifices, two pairs 
wing-gates are provided control flow from the junction pool the Oregon 
entrance. 


Junction Pool Area 


The junction pool area located the south end the powerhouse the 
confluence the Oregon shore entrance channel, the powerhouse collection 
channel and the closed channel. This junction channels one the most 
important areas the passage facilities since all migrants using the Oregon 
shore ladder must pass the area. From the standpoint hydraulics, the 
correct flow distribution the entire system downstream can maintained 
only correct water surface elevations and flow conditions are maintained 
the junction pool. Above the junction pool, the ladder proper begins. The 
first four pools the ladder are divided into two channels provide addi- 
tional diffusion area for the large quantity water required the junction 
pool and provide entrance channel for fish lock which may desired 
the future. 


Automatic Control Equipment 


central control system provided for the collection system entrance 
gates, wing-gates, and main entrance weirs. The equipment designed 
automatically actuate and control the weirs and gates maintain the desired 
relation between water levels the fishways, junction pool and tailwater. Al- 
though the relative elevations the water surface the system can auto- 
matically maintained, automatic control flow the diffusers not possible. 
The automatic control accomplished a-c control bridge circuits utilizing 
transmitting slide-wires which give gate and water level references control 
bridges. The bridges are electrical balance long the gate and water 
level conditions correspond the conditions set into the bridge control cir- 
cuits calibrated, dial-operated rheostats. Changes water level from the 
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desired differential unbalance the bridge circuits, and resulting voltage dif- 
ferentials are detected electronic relays. These detection relays then 
operate the gate weir motor contactors which turn operate the gate 
machinery until the bridges are again balance. The installation expected 
completed and placed operation this fall (1955). Operation present 
accomplished manual adjustment often necessary maintain the 
weirs the desired elevation with respect tailwater. The top the 1-1/2 
foot high 8-foot wide orifice presently set feet below tailwater mov- 
ing the weir until the calibrated dial each weir indicates the desired eleva- 
tion. 


Fishladder Proper 


The primary features the Oregon shore fishladder above weir 253 are 
identical with the Washington shore facilities previously described. fish 
viewing area consisting four 2-3/4 4-3/4 foot, 1-1/4 inch polished plate 
glass windows were inserted the fishladder wall between weirs 305 and 307 
and enclosed building. The major portion the light entering the build- 
ing from the windows the ladder aid visibility but the entrained air and 
turbidity the water prevents observation many fish. However, during 
certain periods the year multitudes lampreys sticking the windows 
provide interesting sight and occasionally salmon may seen. 


Exit Area 


The exit releases ascending migrants into the pool approximately 1,300 
feet from the powerhouse, sufficient distance eliminate the hazard sal- 
mon entering powerhouse intake passages. Exit area equipment including 
seven tilting weirs, regulating weir and counting station almost identical 
that previously described for the Washington shore. Intakes for both the 
gravity diffuser water supply and the future fishlock water supply conduit are 
constructed integral with the structure. The intakes are screened large 
traveling screens later described conjunction with the auxiliary water sup- 
ply system. Control flow accomplished 22, 20-inch, rotary-type 
valves located the expansion chambers. 8-foot tainter gate in- 
stalled just downstream from the traveling screens provides emergency con- 
trol and normally operated either full open closed position. Since 
present plans not indicate that the fishlock will constructed the near 
future, the State Washington tentatively planning utilizing this conduit 
provide flow for extensive spawning bed test ground the area down- 
stream from the project. 


Auxiliary Water Supply System 


The larger portion the supplemental water added through diffusers below 
weir 253, pumped from tailrace. pumphouse with three pumps, each cap- 
able providing 2,500 cfs feet head, located the south shore im- 
mediately downstream from the powerhouse. The pumps discharge into 
pressure conduit feet leading toward, and branching four ways under 
the junction pool. branch follows under each side the fishladder upstream 
from the junction pool, third branch the Oregon shore entrance and the 
fourth the powerhouse diffusers and diffuser No. the south non-overflow 
section. Flow the respective diffusers controlled 93, 3-foot, 
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unseating, sluice gates and 6-foot, sluice gates diffuser No. The 
3-foot sluice gates are hydraulically operated portable pump. Sluice 
gates diffuser No. however, are limit-torque motor-operated. Discharge 
through the system controlled varying the number pumps operating, 
changing the pump inpeller angle, and changing diffuser gate openings. Al- 
though the system very complex and variation any gate settings effects, 
some degree, the flow remainder the system, flow conditions seem 
rather insensitive minor variations. The major operational difficulty lies 
the fact that affect any desired variation requires lengthy re-calculation 
gate settings. Since measuring devices were not provided the hydraulic 
analysis the entire system must based the manufacturers model ef- 
ficiencies, power consumption, and theoretical hydraulic computations. Since 
the maximum efficiency the pumps considerably below the rated dis- 
charge, major portion the time all three pumps are operated take ad- 
vantage higher efficiencies. Pumping requirements vary from 4,200 cfs 
for minimum tailwater conditions based river flow 43,000 cfs 5,500 
cfs for river flow 600,000 cfs. The average discharge about 4,600 cfs 
based river flow 180,000 cfs. 

Gravity supplemental flow provided for average period five months 
each year when tailwater excess elevation 256. The seven diffusion 
chambers for the Oregon shore fishladder that are supplied 8-1/2-foot 
round conduit are the same type previously described for the Washington 
shore installation. These diffusers, however, have three 20-inch rotary-type 
valves instead two provided the Washington shore although the diffus- 
floor areas are equal. 18-inch orifice installed each 20-inch I.D. 
pipe avoid pressure indicated model tests the cavitation range. 
the lower end the gravity conduit interconnection between the high 
pressure gravity conduit and the low pressure pumped supply conduit con- 
trolled 72-inch Dow Disk valve. This valve normally closed, but 
may opened event that the pumped water fail. Computations indi- 
cate that approximately 1,000 cfs may supplied through the interconnection 
the low pressure diffusers. 

prevent fingerling salmon from being drawn into the conduit and injured 
the expansion wells the diffusion chambers, traveling intake screens are 
provided. The two, 10-foot wide screens, the largest commercial size avail- 
able, extend from elevation 275 the operating deck elevation 348. esti- 
mated that for the maximum flow approximately 1,300 cfs, the mean veloci- 
will 1.4 fps through the net area. The screens are operated time in- 
tervals required keep them free debris. Operation can either auto- 
matic manual. alarm system installed indicate excessive head 
the screens. Since fingerlings attracted the intake the flow water but 
are screened from passing through it, means passage over the dam re- 
quired. This provided collecting well 2.5-feet square each the 
two outer piers the intake structure into which the fingerlings may pass 
through series 6-inch diameter ports. These ports are located 30- 
inch centers immediately adjacent the screens. The fingerlings may then 
pass into the fishladder 30-inch pipe discharging into open well the 
downstream side the regulating weir. From this point, the fingerlings 
swim down the ladder. Operational tests determine apparent effectiveness 
the fingerling by-pass facilities are now progress. 
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Efficient passage migrants directly through dam from tailrace 
forebay without moving them pool level would advantageous dams 
having wide fluctuation forebay level. experimental pressure fishlock 
was installed the south non-overflow section determine the efficiency 
this method passing the fish. The decision change the method auxili- 
ary water supply for the powerhouse collection system from, gravity 
pumped source McNary Dam provided limited area the non-overflow 
dam between the spillway and the powerhouse suitable for the experimental 
fishlock installation. The installation consists short approach fishladder 
leading from the fish entrance the north end the powerhouse, fishlock 
chamber, and exit channel the forebay. The approach fishladder eight 
feet wide with bottom slope one foot fifteen with pools fifteen feet long. 
The weirs between pools consist two hand operated telescoping leaves en- 
gaged slots the fishladder walls. 

The 11-foot fishlock entrance gate operated the inverted position 
function telescoping overflow weir when the lock fishing. sharp 
crested weir plate was placed top the gate improve hydraulic condi- 
tions. fingertrap was also included help retain fish the fishlock when 
fishing position. Thus, the fish enter the lock chamber similar man- 
ner that the Washington shore gravity fishlock. The lock chamber, 
twelve feet long and feet wide, varies height. The slanted roof the 
chamber joins 6-foot tunnel about feet long leading This 
tunnel closed mid-length motor-operated standard sluice gate de- 
signed for balanced-head operation. The exit tunnel has two openings into 
forebay beyond the gate, one through vertical 8-foot shaft pool ele- 
vation and the other continuation the exit tunnel direct forebay. 
manually-controlled screen directs the fish the desired exit. closing 
the entrance gate and introducing water from forebay with air escape vent 
open, pressure inside the lock equalizes with that forebay. Thus, the exit 
gate may opened with balanced-head conditions. regulation the drain 
valve, flow water can maintained through the fishlock chamber. 
theory, fish directed the water flow move out the fishlock chamber 
forebay effort escape distress from the change pressure and natu- 
ral instinct migrate against the current. Whether this theory correct has 
not been definitely determined, but limited operation this facility has estab- 
lished that the design functional. After the fish have made their exit the 
upper gate closed, the lock chamber drained tailwater level and the cycle 
repeated. 

The lock chamber provided with three separately controlled lights, two 
the south wall about midway elevation and the third the roof. These 
were provided aid observing the action fish the lock chamber 
through observation window located the south lock wall. 

Water supplied the fishlock and approach fishladder through 4.5 
4.5-foot intake located the bottom portion the 8-foot fish exit shaft. 
The conduit size reduces through constant radius transition 24-inch 
diameter pipe equipped with hand-operated slide gate. The 24-inch pipe 
connected the diffusion areas the fishlock and the fishladder four 
inch pipes each equipped with motor-operated, rotary-type valves. 

Water attract fish into the fishlock introduced through one the 
8-inch pipes the diffusion area the bottom the fishlock. When the 
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fishlock filling discharging fish, this water supply shifted another 
8-inch pipe opening into diffusion area the floor the upper end the 
approach fishladder resulting constant flow down the ladder. Since the 
approach fishladder twice the width the lock entrance, additional water 
required maintain the desired flow the fishladder. This additional 
water supplied another the pipes aiso leading the diffuser 
area the upper end the fishladder. 

The lock chamber filled the fourth 8-inch pipe leading the diffusion 
area the bottom the fishlock. The air the chamber escapes through 
12-inch gate-controlled vent. order that pressure will not build too 
rapidly inside the lock chamber, the 8-inch filling pipe throttled the in- 
sertion 4-inch orifice. aid future operational studies, the pipe 
constructed that the orifice removable can replaced another 
size. The lock chamber drained means 12-inch drain pipe connect- 
ing the lock diffusion area with tailwater. 


Temporary Fishpassing Facilities 


Construction McNary Dam required two major cofferdams. The 
Washington shore cofferdam, extending approximately one-third the dis- 
tance across the river, was the first element construction. This construc- 
tion did not increase the river velocities sufficiently materially interfere 
with fish migration past the project. Therefore, means were provided 
aid fish passage during this stage construction. 

The second phase construction included cofferdam extending from the 
Oregon shore approximately two-thirds the distance across the river con- 
necting with the Washington shore cofferdam. Prior closure the main 
second phase cofferdam, the Washington shore cofferdam was removed. The 
bays the spillway dam built within the Washington shore cofferdam were 
left unfinished low level provide passageway for the river flow after 
closure the main cofferdam. These bays were capable passing river 
flows about 370,000 cfs without causing opertopping the main coffer- 
dam. 

Plans for the second phase construction period included three temporary 
fishladders for fish passage. Incorporated into the wooden cofferdam cribs 
and forming integral part the main cofferdam through spillway bay 13, 

temporary wooden fishladder feet wide was provided. This vertical-slot 
fishladder contained two 29-inch wide slots each baffle. The principle 
vertical slot fishladder design limits its use locations where tailwater and 
headwater variations are similar. compensate for uneven variations 
headwater and tailwater existing McNary, gated orifice was constructed 
each more uniform drop through the baffles was attained through- 
out the fishladder adjustment these gates. The slope spillway bay 
temporary fishladder floor was one foot vertical feet horizontal with the 
ladder design providing minimum feet water all ladder sections 
under expected low flow conditions. The ladder entrance was positioned 
take advantage the eddy created the main cofferdam and the high velocity 
water flowing through the spillway dam. The upstream end bay fishway 
turned shoreward along the upstream leg the main second-step cofferdam 
for short distance provide fish exit under favorable conditions away from 
the high velocites and drawdown into the spiliway area. 

second temporary fishladder was located the face the north training 
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wall spillway bay This fishway was feet wide with slope foot 
vertical feet horizontal. Twelve vertical slot baffles were utilized with 
one slot each baffle result ladder approximately one-half the size 
bay fishladder. The ladder entrance, determined hydraulic model 
studies, was located the upstream point the return eddy and downstream 
from the trough the hydraulic pump. 

Since the cofferdam the Oregon shore was expected flood each year, 
additional ladder facility was provided the shore end the upstream leg 
the cofferdam allow fish escape upstream during cofferdam inunda- 
tions. The cofferdam construction was such that during overtopping fish could 
enter the cofferdam area over the downstream leg but could not escape over 
the upstream leg without the fishladder. 

The temporary fishladder constructed spillway bay failed due the 
excessive violence the water passing through the spillway bay. facili- 
tate passage emergency trap was built the partially completed fishlock. 
The fish were lifted over the dam crane-operated bucket. This facility 
was used throughout the remaining construction period until the permanent 
Washington fishladder began operating. estimated that many 5,000 
fish per day were passed over the dam this manner. Although there may 
have been minor delay and injury some the migrants, the operation was 
successful. not apparent that the runs have been affected any appreci- 
able extent. 

permit the shortest practicable navigation and still allow 
completion upstream construction relocations and levees, interim 
pool level was maintained during the summer 1953. During this period 
water was pumped into the upper end the permanent Oregon fishladder. 
This enabled the fish use permanent facilities ascending the upper end 
the fishladder where they were collected and lowered forebay pair 
buckets. The water supply was furnished two 27,500 gpm pumps and 
directed into the ladder wooden diffusion grating built into the floor 
the permanent fishladder. Each the two buckets was constructed rolled 
steel plate, was cylindrical shape, and had capacity about 1,600 gallons. 
double-compartment, reinforced-concrete chamber was provided integral 
with and just outside the permanent fishway structure. The chamber served 
collection area trap with the fish buckets forming the bottom portion 
each chamber. These collection chambers were equipped with diffuser 
gratings which serve the double purpose distributing the water flow and 
channeling the fish into the buckets. The system was arranged for alternate 
bucket operation with one bucket the raised position collecting fish during 
the time the other was transporting fish down the forebay pool. portion 
the pumped water was alternated from one collection chamber the other 
manually-operated, remote-control, valving system. This operation was 
very successful with apparent delays adverse affects the migrants. 

The importance temporary fish passage facilities during construction 
should not overlooked from the initial planning stage throughout construc- 
tion. Fish passage during construction may controlling factor the 
overall planning the project, design features cofferdams, permanent 
facilities, and construction scheduling. Failure provide adequate facilities 
during construction could cause irrepairable damage even total elimination 
major fish run. Consequently, designers should not yield the tempta- 
tion skimping the design due the anticipated short period use. Con- 
sideration must also given the fact that may very difficult 
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anticipate all construction problems, conditions, and delays that may en- 
countered which would affect the adequacy temporary fish ladder design. 
Adequate design for the fixed controlled operating conditions the perma- 
nent facilities generally not difficult provide. 


SUMMARY 


Based the operational experience date, the fish facilities McNary 
Dam appear fully adequate for efficient passage upstream migrants. Oper- 
ational tests are progress evaluate the efficiency various alternate 
methods operation provided for the design. Recently initiated research 
programs should add materially the factual data available for the establish- 
ment specific design criteria for efficient passage and economical design 
future projects. Tests were conducted McNary determine the mor- 
tality downstream migrant fingerlings during passage through the spillway 
and the turbines. Over million marked fingerlings were used these tests 
during the past year. Neither the test operations nor the analysis the tests 
are complete date. may found that this years tests are more sig- 
nificance evaluating testing procedures than accurate evaluation 
mortality. Should accurate evaluations mortality possible and the 
specific cause determined, the results could major significance the 
design future water resource development projects streams supporting 
major populations migratory fish. 
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TROMBAY POWER STATION: COOLING WATER SYSTEM 


William Wallace,! ASCE, and George Archibald,2 A.M. ASCE 
(Proc. Paper 896) 


INTRODUCTION 


The Tata Power Company Limited pow constructing the initial develop- 
ment Trombay Thermal Power Station, new steam-electric generating 
station the shore Bombay Harbor, India. Physiographical conditions 
make necessary carry the intake conduits for the condensing salt water 
system nearly mile out into the harbor order reach the required mini- 
mum depth water for pump submergence low tide. addition con- 
stituting relatively expensive condensing water system, the pump intake and 
conduits and conduit supports involved some unusual features design and 
construction. 


Description Station 


Trombay Thermal Power Station situated the fore-shore Trombay 
Island, few miles above the Bombay waterfront. The underlying rock over 
all the Bombay region consists the extensive basait lava flows known the 
Deccan Traps. The lava beds here lie near the surface the land and dip 
gently toward the sea. the harbor these beds are covered varying 
depth extremely fine, soft silt which too soft and shallow support con- 
ventional driven piles used for marine structures. 

The power station the northwest shore the harbor and the orienta- 
tion the line turbine-generators nearly north-south. The eastern side 
the station lies against the base the Trombay hills. Most the station 
area, however, reclaimed from the tidal flats means earth fill 
which raises the yard three feet above the highest recorded tide level, this 
level being about nine and one half feet above mean sea level. Lowest record- 
water level about nine and one half feet below mean sea level. The mean 
range spring tides eleven and one half feet. 

Across the tidal flats the western side the station yard, and forming 
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south-western boundary the yard, embankment, bund, the older 
portion which has for many years supported oil lines from ship unloading 
pier belonging Bombay Port Trust. The pier, solid masonry construc- 
tion, located the edge area relatively deep water, called Pir Pau 
Deep, where ocean-going tankers are able unload. This older bund termi- 
nates low water line and connected with the pier light structural 
steel trestle. These unloading facilities will large part supplanted 
extensive new oil terminal Butcher Island, now under construction, with 
submarine pipe lines connecting with Trombay Island. The new lines will con- 
tinue ashore widening the old bund the west side. Adjacent this 
bund the Trombay Power Station side, drainage channel lined with hand 
placed riprap has been constructed carry storm and plant drainage the 
harbor from Trombay Station and the Standard Vacuum refinery area the 
north. This channel designed carry the estimated maximum 3,000 cfs 
storm drainage, high tide. 

Annual rainfall Trombay averages about inches, all which falls 
during the monsoon period; general from June September. The intensity 
the storms hampers construction work and often necessary entirely 
suspend operations during this period. 

The initial steam-electric plant development Trombay comprises two 
62,500 turbine-generator-units. Each unit has its own boiler and auxili- 
aries and has cross condenser. The building basement extends down 13.5 
feet below yard level, while the operating deck floor for the units feet 
above yard level. The building completely enclosed the operating 
deck but above this only the machines are enclosed. Boilers are outdoor type. 
Initial operation will with oil fuel but provision made for future conver- 
sion coal firing, with the coal handling and storage facilities added 
time conversion. Space has been reserved for these purposes when they 
are required. Road and railway access have been provided. 

The two initially installed turbines will operate 1250 pounds per square 
inch and 950 degrees Fahrenheit throttle. Power will generated 
13,800 volts, cycles which will stepped 110 three phase 
transformers, and will leave the switchyard distribution feeder lines 
this voltage. 


General Design Condensing Water System 


Condensing water requirement for the two initial units Trombay 167 
cubic feet per second. This will carried one inch diameter conduit 
velocity feet per second. the design the pipe supporting struc- 
ture provision has been made for accommodation additional conduit 
the same capacity for future generating units. 

Soundings the silt floor the harbor indicated that reach the required 
about 2000 feet beyond low tide shoreline. This approximately one mile 
from the power plant. 

The combination rock shallow depth with its overburden soft, shift- 
ing silt ruled out the possibility pump station inshore served intake 
canal, gravity conduit. The alternative was pump intake structure 
deep water with pressure conduit the plant. These conditions and the 
economics involved also made impracticable lay submarine lines the 
size and number required out the intake structure. The design indicated 
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was pipe-supporting mole bund substantial construction out the 
economic limit due depth water, and supporting pier, jetty from this 
point the intake; these structures sufficient height raise the 
pipes above wave action. 


Joint Facilities 


Other simultaneous industriai developments the area hac consid- 
ered the design the water intake system. Burmah-Shell and Standard Oil 
Companies were each constructing new refinery the vicinity Trombay 
Power Station, each requiring salt water intake and intake pipe lines 
shore. Bombay Port Trust were already well along their plans for the 
“take-off” this area the submarine oil pipe lines the new oil terminal 
constructed Butcher Island. Discussion between the representatives 
the various parties interested suggested considerable savings well 
avoiding interference, construction joint facilities where possible. 

result these facilities now comprise approximately 1300 feet joint 
rockfill bund extending into the harbor support the new Port Trust oil lines 
the circulating water lines from Trombay Power Station and the Burmah- 
Shell refinery point where the oil lines diverge become submarine; and 
farther length approximately 1600 feet bund and reinforced concrete 
jetty which support the Trombay and Burmah-Shell water lines their re- 
spective intakes low tide. These joint facilities are designed carry 
future additional inch pipe from the Trombay Station. 


Model Study 


prerequisite obtaining permission from the Bombay Port Trust 
erect structures out into the harbor, was necessary show evidence that 
these structures would not cause undesirable changes the configuration 
the harbor floor due effect tidal flow. model study was made 
the model laboratory Sir Bruce White, Wolfe Barry Partners, London, 
the firm consulting engineers who were retained design and supervise 
the construction the joint facilities. The model reproduced the portion 
Bombay harbor around the proposed location the new bund and jetty. Model 
scales were 400 horizontal, 150 vertical, 12.24 velocity and 
32.6 time scale for tidal phenomena. wave maker simulated waves 
amplitude five feet. The structures simulated comprised bund extending 
2000 feet, out beyond low water shoreline, and reinforced concrete jetty, 
1000 feet farther and terminating enlarged jetty head with two adjacent 
intake caissons. The structures were placed optimum locations indicat- 
actual expolorations the harbor which were still progress. 

the series tests, model runs were made representing days 
spring tides. Study the results all the tests combined with study the 
history Bombay Harbor indicated that the structures proposed would have 
appreciable effect the natural movement ground material this area 
the harbor. Actually, history indicates that silt has been accumulating here 
recent years, condition which made advisable allow some margin 
over the minimum depth water required the intakes, order postpone 
the time when dredging will required. 
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Final Arrangement 


Bund, jetty and intakes have been constructed very close the alignment 
studied the model. The final arrangement the circulating water conduits 
and supports for Trombay Thermal Power Station, starting from the station 
building and running southerly direction shown Figure and 
briefly follows: 

length 777 feet double barreled cast-in-place reinforced concrete 
tunnel with two inch diameter circular barrels vertical configuration, 
the top barrel being the discharge and the bottom the intake conduit. This 
conduit buried, resting rock the level the turbine room foundation 
mat. the southern end this run conduit the top discharge tunnel 
diverges the west angle degrees and continues 312 feet seal 
well and discharge structure the storm drainage canal. The intake con- 
tinues south for 105 feet and rises the ground surface form anchor 
for the north end the concrete lined inch steel pipe which then continues 
above high water the branch connections the pumps the intake for 
pipe length roughly 4100 feet. 

For 800 feet south from its junction with the concrete tunnel the steel pipe 
crosses tidal flats within the Trombay station property and supported 
concrete saddle piers resting earth bund. The relatively shallow fill 
superimposed the soft native clays and silts the flats that short end- 
bearing concrete piles are used carry the pier loads down firm ground. 
The southern end the run pipe fixed anchor block which also ex- 
tends down rock. This 800 feet pipe was not made conventional run 
continuously welded construction with packed expansion joint the run be- 
cause the lateral forces which would transmitted the piers and piles 
sliding the pipe due changes temperature. Accordingly, the pipe 
fabricated 42-foot sections which are field connected Dresser couplings. 
this way the expansion forces will equilibrium between anchors with 
small movements each coupled joint. The concrete support each field 
joint consists two saddle piers common footing, one pier each side 
the coupled joint. One pipe end anchored its pier, the other end 
free slide. early stage construction shown Figure with the 
new earth bund the center the picture. The joint rock fill bund the 
right background and Pir Pau bund and jetty run from right left near the 
top the picture. 

From the southern anchor this pile-supported run the pipe angles slight- 
the west and crosses the storm drainage canal and the older Port Trust 
oil pipe bund. The crossing long diagonal and requires 408 feet pipe 
between anchors. Six bridge type concrete piers foot intervals support 
the pipe intermediate points. These piers are carried down rock and 
are designed accommodate future additional line. The pipe continuous- 
welded here and designed self-supporting between piers. also 
carries service walkway and the electric cables running the intake. 
Rocker arms attached ring girders the pipe reduce lateral thrusts 
the free standing piers due expansion and contraction the pipe and 
packed pipe expansion joint provided the southern anchor. 

The southern anchor the drainage channel crossing marks the junction 
with the jointly-constructed rock fill bund, described later. The anchor 
carried down rock are the other channel crossing supports. the pipe 
proceeds south along the rock fill, however, anchors and piers are seated 
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the fill and are subject whatever construction-residual and storm-induced 
settlement may occur after the pipe installed. provide flexibility for 
differential settlements, field lengths feet pipe connected Dresser 
couplings were again used. the concrete jetty, since the jetty piles extend 
into rock and the structure therefore rigid, the pipe continuously welded 
and packed expansion joint provided each expansion bay the jetty, 
generally intervals 400 feet. pipe anchorage provided midpoint 
each interval resist unbalance pier friction and the forces required 
operate the expansion joint each end. saddle pier supports the pipe 
each pile bent and graphite compressed asbestos sheet provid- 
the pier reduce sliding friction. the junction bund and jetty 
hinged section pipe will permit the shoreward end settle without bringing 
excessive loads the adjacent jetty bent. 


Conduit Design 


the design the intake conduits and supports maximum internal hy- 
draulic pressure pounds per square inch pump shut-off was used. This 
produces large end thrust for two inch pipes which must resisted 
the jetty head bracing described later. Water hammer pressures, which 
otherwise could much greater than this pressure will controlled 
vacuum breakers. The inch diameter steel pipe has 7/16 inch plate rein- 
forced with girth rings resist distortion and vacuum loads. The pipe 
lined with spun cement lining one inch thick and the exterior painted with 
red lead paint. 

the intake four inch diameter branch pipes will receive the discharge 
from four vertical pumps, each separate chamber and each protected 
traveling screen. The water will chlorinated front the coarse 
screen enters the intake structure order prevent marine growths 
screen and the conduit system. Power for the pumps and other equipment 
will carried out the intake 3300 volts cables laid concrete trench 
along the bund and jetty. 


Design and Construction Bund 


The joint bund, embankment, which extends into the harbor about 1100 
feet beyond low water line, dumped rock construction, and shown dur- 
ing construction Figure Its total length approximately 2200 feet. The 
minimum top width feet occupied the Trombay Steam Electric Sta- 
tion and Barmah Shell refinery water lines, the Port Trust oil lines, and 
foot roadway. 

The bund cross-section zoned, the rock sizes running from Grade with 
each zone having prescribed proportions. The Grade rock constitutes the 
protective facing against wave action side slopes which are 1-1/2. 

The nose the bund, from which the reinforced concrete jetty springs, 
revetted mastic asphalt grout poured into the joints the facing blocks. 

The top the fill five feet above maximum recorded high tide Bombay 
Harbor. Material was quarried from the trap rock the adjacent hills and 
was transported the fill dump truck. The initial fill was extended end 
dumping and was carried three feet below finished grade, leaving this depth 
for later special consolidation. Hand placing rock was limited the 
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pitching the face, although some stone was carefully placed crane the 
nose the bund avoid damage the concrete piles the jetty. the area 
where the Port Trust oil pipes diverge become submarine length 
roughly 800 feet bund gradually widened accommodate the “mud pond” 
for the oil pipes, the Trombay and Burmah Shell water lines continuing the 
higher level. The bund terminates the depth where economy dictated the 
change reinforced concrete trestle, this depth fill being roughly feet. 

The depth silt overlying the rock bottom the harbor varies, being 
feet-generally along the bund. The “A” Grade dumped rock displaced this 
silt satisfactorily, that the rock fill rests firm bottom. Where the silt 
was deeper than ft. ft. was dredged out before placing stone. Maxi- 
mum observed settlement the fill after months was 3-1/2 inches, occur- 
ring the nose the bund. 


Design and Construction Jetty and Jetty Head 


Exploration was made the harbor floor means borings and sound- 
ings preceding the general routing bund and jetty. Additional closely spaced 
soundings were made find the most advantageous location for the jetty head 
and intake structures. The rock floor has characteristic stepped formation, 
due the eroded laminations successive lava flows, which have westerly 
dip the order degrees. the surface the rock varies considerably 
hardness; also this surface has been some time incised with complex sys- 
tem stream channels, later filled with conglomerates disintegrated 
basalt. Consequently there are appreciable changes depth sound rock 
within short distances, viewed from the standpoint structure foundations. 
The value close borings and probings such formations cannot too 
strongly emphasized. 

The jetty and jetty head, jointly occupied Tata and Burmah Shell, 
reinforced concrete construction. Sections are shown Figure The jetty 
generally consists four-pile concrete trestle bents foot centers, 
the bents being connected concrete beam-and-slab deck containing road- 
way ft. wide with cable trenches each side the roadway. The bents 
are composed four precast piles, two raking, brace the frame laterally, 
connected deck level in-situcapping beam. The piles are inches 
inches cross-section and the feet are square ended and fixed sock- 
ets cut the rock the Benoto “hammer-grab” process, described later. 
The top width this trestle structure measured length pile cap 
feet. Running roughly southerly direction, the two inch steel water 
lines Trombay Station will occupy the trestle the east the roadway 
and the Burmah-Shell Refinery water lines occupy the west side. 

The trestle designed carry the operating pipe loads mentioned, plus 
roadway loading equivalent ton truck each bay. The pipes are sup- 
ported the pile caps only. The trestle designed stable against 
foot waves, assuming one half ton per square foot against the projected area 
the piles for this height wave. The elevation the deck feet above 
maximum recorded high water, that forces other than wind are assumed 
laterally against deck and pipes. 

Three expansion bays are provided the 770 feet trestle, one which 
its junction with the bund. The central bays each resulting section 
trestle are braced longitudinally means raking piles. Because the ex- 
pansion joints placed the pipes where they cross the trestle expansion bays 
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and the anchorages the central braced bays, the bracing designed re- 
sist any differentials the thrusts required operate the pipe expansion 
joints either side. 

the seaward end the trestle expands into tee-shaped head roughly 
210 feet long, and feet wide the common central roadway portion. The 
intake structures fit into the easterly and westerly seaward corners the 
jetty head, permitting future expansion intake facilities for each party 
opposite directions without interference. The jetty head deck reinforced 
concrete team and slab construction and supported the same type 
piles the jetty. Deck level the jetty head about feet above the rock 
floor the harbor. 

The Trombay Station portion the jetty head designed carry live 
load 300 pounds per square foot, which covers pipe and equipment loads 
and incidental live loads. important item the design the jetty head 
bracing was the forces imposed the terminal anchorages the diame- 
ter Trombay pipes. The maximum simultaneous hydraulic thrust from the 
two pipes plus the thrust required operate two expansion joints, was esti- 
mated 488,000 pounds. Sufficient brace piles were provided take this 
thrust and the deck slab was thickened inches order provide weight 
resist the upward components these pile reactions against the deck. 

The Benoto “hammer-grab” tool used excavate holes the rock for 
seating the piles essentially heavy hammer with head the form 
strong “orange-peel” type digging bucket, with three jaws which can 
locked open form chopping bit for hard material, then unlocked permit 
them operated for removal the broken material. known, 
the first use this equipment from floating support was construction the 
jetty and jetty head and similar work being done simultaneously for the new 
Port Trust oil terminal Butcher Island. Figures and show construction 
operations, with “hammer-grab” raised position Figure 

Piles for the jetty and jetty head were cast shore and transported the 
site barge. the site, the typical pile setting operation required the seat- 
ing one vertical pile and one brace pile the same bore hole the rock. 
The construction procedure was follows:- 

inch diameter open ended steel casing, the “Benoto tube,” was sunk 
through the silt the rock floor the site the proposed borehole. The 
Benoto tube was held position light latticework box girder, supported 
and run out from the piles already placed. Operating within the Benoto tube 
and through the water the hammer grab was used excavate the silt and then 
break and excavate the rock the required depth. The two piles were then 
lowered through the tube into the excavation. The tube was then removed, the 
piles being supported temporarily the box girder guide. After removing 
the tube, the raking pile was pulled over into its correct position and both 
piles braced place with system rolled steel joists clamped and run 
out from the piles already placed. Finally the Benoto hole was filled with 
colloidal, that is, intimately mixed, grout, the “Colgrout” process. 

diameter hole was provided through the middle each pile for the 
introduction this grout. However, the grouting had any case in- 
spected diver and the grouting plant was carried pontoon, which low 
water might ft. below the top the pile, was found quicker and more 
satisfactory practice for the diver grout the excavation through pipe 
introduced beside the piles. The diver was thus able stop the grouting when 
the hole had been exactly filled and avoid waste grout the possibility 
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grouting being stopped before the hole was filled. period hours was 
insisted upon allow the grout set before excavation the next set 
holes was permitted, considerable vibration was transmitted through the 
guide frame the newly grouted piles during the boring process. 

Occasionally, groundrock irregularities met during excavation would cause 
the Benoto tube shift off the correct position down slight rake, 
tendency that needs watching. Once the hole had been cut was found that, 
with the size pile use, very little adjustment the position the piles 
could made. future operations this type, would advantage 
allow more clearance for the piles within the Benoto hole. 

adequate depth which the piles should seated was assumed 
feet sound rock. The rock surface, however, some places decomposed 
soft structure. such locations the boreholes were carried greater 
depth and where the depth hole interfered with pulling the raking pile into 
position the bottom the hole was filled with concrete plug the de- 
sired level for stepping the piles, sometimes placing concrete three 
quarters filled Hessian bags, the tops being sewn, instead tied, avoid 
possibility settlement. Since the piles were precast limited number 
lengths, the tops were trimmed the proper elevation after setting, 
matter routine. 

The use the Benoto hammer-grab proved very satisfactory. took 
little time familiarize the operators with the special equipment, but this 
was not serious delay. sound basalt, progress excavating holes 
reached average about one foot per hour holes per week. Special 
measures required soft rock for other reasons course prevented this 
average from being realized all times. Additional supporting equipment 
for the pile setting operations included floating derricks and concreting equip- 
ment. 

Deck portions jetty and jetty head were cast place. Wood formwork, 
shuttering, was supported strutting from the rolled steel joists which 
were employed brace the piles position before grouting, shown 
Figure 

The concrete strength specified was 3750 psi days field tests 
determined crushing inch cube specimens. The sand came from Karsalia 
and crushed rock aggregate was microgranite which occurs limited 
scale Chandivali. 

The aggregates were selected after considerable research, the micro- 
granite being specified for all marine work preference the regional 
basalts because the better shape produced crushing and because its 
freedom from “Chlorophacite” and allied, chemically unstable, constituents. 
The Karsalia sand was somewhat deficient fines, but this was offset 
excess fine particles the coarse aggregate which had been obtained 
jaw-crushing. All site concrete was consolidated internal vibration. The 
wetting agent “Lissapol” was used the mix increase workability. The 
average cube strength obtained was the order 6500 psi days. 

Two concreting ships were used for placing concrete, one equipped with 
small steam crane and the other with fixed gantry carrying hand operated 
overhead conveyor. The concreting ships were kept supplied fleet 
barges. 
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Design and Construction Intake Structure 


The Trombay Station intake which designed only for the initial installa- 
tion two generating units, simple box structure reinforced concrete, 
feet feet plan with four compartments, one for each pump. The 
structure seated leveling bed rubble about feet thick which, 
turn, rests rock bottom. Dumped rock aprons around the structure protect 
against erosion. The floors the pump chambers are feet below low-low 
water and feet below deck level, the deck being flush with the jetty head 
deck, which extends along the north and west sides the intake and sepa- 
rated open joint. 

The intake structure was designed constructed dry dock 
caisson, which would floated the site and sunk position. The top feet 
structure was omitted for the caisson stage construction; also for flota- 
tion purposes, the design wall and floor thicknesses were reduced, with pro- 
visions for increasing these thicknesses after sinking order provide 
weight for stability. The intake openings the front walls the pump cham- 
bers were closed with temporary steel plates and temporary valves were pro- 
vided for use flooding the chambers for the sinking operation. Figure 
shows the caisson nearing completion drydock. 

Preparation the site consisted dredging away the overlying silt, 
cleaning the rock surface air-lift and depositing and leveling the rubble 
bed. These operations were checked diver. The top the rubble was 
dressed off with the regard the differentials settlement expected due 
the varying depth rubble. 

During favorable weather conditions February 13th, 1955, the caisson 
was towed the site. Control position during sinking was five pontoon- 
mounted winches east, west and south, and two steam winches floating 
crane the north. The caisson was closely positioned flood tide and the 
final positioning and sinking operation was accomplished during slack water 
within three hours. check showed deviation two inches the north and 
one inch the east. Positioning the caisson shown Figure 

The weight the incomplete intake structure without the top feet 
roughly 2140 tons compared with 988 tons water displacement with all pump 
chambers open maximum recorded high water, and 2013 tons water dis- 
placement with all chambers dry and the same water level. Pending comple- 
tion the upper feet the valves are being left open. The structure de- 
signed withstand wind and foot waves and also will act anchorage for 
the pipe header with its branches the pumps, this header being free slide 
the deck the jetty avoid transmitting forces the jetty head other 
than those transmitted the main terminal anchor previously described. 


GENERAL 


this writing, the bund, jetty and jetty head have been completed and 
work has started construction the top feet the intake structure. 
Construction the underground cast-in-place concrete conduits the station 
building has been completed, also construction anchors and pier supports 
for the steel pipe along the bund. Trial operation Trombay Thermal Power 
Station scheduled for the summer 1956. 
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WATER RESOURCES AND POWER STUDIES, TASK FORCE, 
HOOVER COMMISSION: ORGANIZATION AND SCOPE: 
CONCLUSIONS AND RECOMMENDATIONS! 


Ben Moreel,2 Hon. ASCE 


FOREWORD 


This paper one group five concerned with various phases the 
work the Water Resources and Power Task Force the Hoover Commis- 
sion. All were presented the June 15, 1955, meeting the ASCE St. 
Louis. 

The specific function the Hoover Commission was study and report 
Congress ways and means promoting economy, efficiency and improved 
service the transaction the public business the Executive Branch 
the Government. Work the Commission was implemented thirteen Task 
Forces, one which was the Task Force Water Resources and Power. 
Work this Task Force was divided among four Task Groups assigned the 
following fields: 


Power generation and distribution 
Reclamation and water supply 

Flood control 

Navigation 


The five papers presented include four the Chairmen these Task 
Groups covering work their particular groups and one Admiral Moreell, 
Chairman the Task Force. The first these papers, “Organization and 
Scope; Conclusions and Recommendations,” (Proc. Paper 897) Ben 
Moreell, Hon, ASCE, explains the organization and scope the Task 
Force and presents his personal conclusions and recommendations. John 
Jirgal his paper, “Power Generation and Distribution,” (Proc. Paper 898) 
cites the fact that 1933 the Federal Government owned less than the 
total electric generating capacity the United States; 1953 the proportion 
was 1/2% and 1960, the present rate, will 16%. The necessity 
Note: Discussion open until June 1956. Paper 897 part the copyrighted Journal 

the Power Division the American Society Civil Engineers, Vol. 82, 

February, 1956. 

Paper presented St. Louis meeting American Society Civil Engi- 

neers, Power Division, June 15, 1955. 

Chairman the Board, Jones Laughlin Steel Corp., Pittsburgh, Pa. 
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conserving the water supply and developing overall Federal water policy 
stressed “Reclamation and Water Supply” (Proc. Paper 899) Leslie 
Miller. “Flood Control” (Proc. Paper 900) Horner, ASCE, 
reviews the number and cost presently constructed authorized, and 
future probable, flood-control projects. “Improvements Navigation” (Proc. 
Paper 901) Carey Brown, ASCE, the last the papers; con- 
cluded therein that many navigational improvements now under consideration 
recommended are dubious economic value. 

Since the Task Force Report had not yet been released the authors were 
unable summarize the report itself disclose its conclusions and rec- 
ommendations. They were, however, able outline these papers facts 
found the public records and problems presented these facts. Neces- 
sarily all opinions and conclusions are those the individual authors. 


SYNOPSIS 


The Task Force Water Resources and Power, one thirteen such 
groups the second Hoover Commission, was formed November 1953. 
The Task Force was into four Task Groups charged with studying 
these principal areas: 


Power generation and distribution, including atomic power. 

Reclamation and water supply including domestic and industrial water 
supply, irrigation, waterway pollution, recreational projects, fish and 
wildlife projects and drainage. 

Flood control, including water retardation projects and upstream 
watershed treatment. 

Improvements water navigation, including inland water transporta- 
tion and beach erosion. 


Members the Task Force were chosen from geographically dispersed 
areas and were all prominent men their respective communities and the 
top ranks their respective professions. representatives either pub- 
lic investor-owned power other interests were the Task Force. 

Public hearings were held San Francisco, Denver, New York, Chattanoo- 
and Portland, Oregon, and closed hearings were held Washington with 
the Federal Power Commission, the Department Agriculture, the Depart- 
ment Interior and the Corps Engineers. Some two hundred projects 
were studied detail. 

Basic considerations which guided the Task Force its studies were 
(a) the total Federal funds invested date, and (b) the rapid increase 
the rate growth Government expenditures for water resource develop- 
ment. 

1954 there were offices and Bureaus Federal Government involved 
water resources and power development. these, are concerned with 
this work primary responsibility major activity. Their 1954 ex- 
penditures approximated $1.5 billion and more than 70,000 employees were 
their payroll. 

concluded that Federal activities the fields water resource and 
power development have taken place without central supervision the Exec- 
utive Branch the Government, except for cursory action the Bureau 
the Budget, which has never been adequately staffed for this purpose. 
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Furthermore, there clear-cut unified body Federal water policy. In- 
stead there are diverse policies for different types development and differ- 
ent agencies, variously authorized and financed, each programmed under dif- 
ferent ground rules and often conflict and competing with one another. 


Part Scope and Organization 


regretted that the Report the Hoover Commission the work 
our Task Force Water Resources and Power not yet released. can- 
not divulge the Task Force Report contents until the Commission has re- 
leased it. Therefore, the statements made this discussion are those the 
writer and may, may not, agree with the Task Force conclusions and rec- 
ommendations. However, with respect statements fact, these are sup- 
ported official data the Task Force Report. 

The second Hoover Commission was set Act Congress approved 
July 10, 1953, and was organized September that year. expired June 
30, 1955. 

The Commission was authorized study and report the Congress 
ways and means promoting economy, efficiency and improved service 
the transaction the public business the Executive Branch the Govern- 
ment. The Commission was from investigating the two other co- 
ordinate Branches Government, namely, the Legislature and the Judiciary. 

The scope the second Hoover Commission differed materially from that 
the first. The latter was limited studies and recommendations with re- 
spect the performance the then existing functions Government. The 
second Commission, addition the duties its predecessor, was author- 
ized make studies involving matters policy, that is, determine not 
only whether existing function being performed efficiently but, also, 
whether should done Government all, and so, what extent and 
what, manner. 

While everything having with Government involves political consider- 
ations, more less, obvious that the first Commission was far lesser 
political irritant than the second. The first was concerned primarily with the 
shrinkage, re-shuffling and consolidation agencies. This resulted loss 
jobs, and thus caused some political pain. The second, however, was 
authorized, also, recommend the elimination functions. This involves 
not only abolishing jobs but, also, the reduction cancellation subsidies 
and outright grants. certain that when such measures are proposed, 
the voice the anguished will again heard through the land, crying, 
let them take away.” 

The second Hoover Commission carried its studies means thir- 
teen Task Forces and Committee Business Organization the Depart- 
ment Defense. The Task Force Water Resources and Power was or- 
ganized November, 1953. addition the Chairman, there are twenty- 
five members. 

When pet projects are attacked, the time-honored tactic demagogues 
and pleaders for special privilege assail the integrity and competence 
the attackers. Since our Task Force has been thus assailed, even before 
were well started our work, and, more recently, result “leaks” 
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the Task Force Report, want make statement with respect the crite- 
ria used selecting members this Task Force. 

First, was agreed that should have geographical dispersion mem- 
bership; also, that there should representatives either public in- 
vestor-owned power other interests. was stipulated that all should 
prominent members their respective communities, men unassailable in- 
tegrity who command public respect; and that they should the top ranks 
their respective professions. inquiry was made their political 
affiliations and this day not know what they are. Nor was inquiry 
made their views the controversial matters were investigate, 
being assumed that men this caliber would arrive honest conclusions 
once all the facts were known. 

However, they were asked whether they were sympathy with the mandate 
the Commission, which recommend changes organization and oper- 
ations the various government agencies may necessary promote 
economy, efficiency and improved service their transaction the public 
business. affirmative reply was required. 

The Task Force members were recruited from twenty different States 
the Union. Three came from the Northeast; five from the Middle Atlantic; 
two from the South Atlantic, three from the Central States; four from the 
Pacific Coast; four from the Mountain States; one from the Plains States; 
and two from the Gulf Southwest area. 

Professionally, fourteen are engineers; six are lawyers; two newspaper 
publishers; three present former state governors; four business execu- 
tives; one consultant utility economics and finance; and one accountant. 
This totals more than twenty-six because some members fall more than 
one category. Two are former presidents the National Reclamation As- 
sociation; and three have served officers the Corps Engineers the 
Army. number the members have worked closely with the Corps En- 
gineers and the Reclamation Service and several were one time em- 
ployed the Reclamation Service. rough calculation indicates that, 
‘whole, the Task Force members have spent considerably more time working 
for public agencies than for private industry. 

Eleven the Task Force members are members the American Society 
Civil Engineers; two these, Messrs. Horner and Malcolm Pirnie, 
are past presidents. Mr. Shannon past vice president and Messrs. 
Julian Hinds and Royce Tipton are past directors. There are six consult- 
ants the Task Force whom two are members the Society. the 
forty-one people who, various times, served the staff the Task Force, 
eight are members the Society, including one the present vice presi- 
dents, Mr. Frank Weaver. 

The Task Force was charged with making studies used basis for 
conclusions and recommendations which would enable the Commission car- 
out its mission the field water resources and power. The scope 
the Task Force work was defined covering four principal areas follows: 


Power generation and distribution, including atomic power. 

Reclamation anc water supply, including domestic and industrial water 
supply, irrigation, waterway pollution, recreational projects, fish 
wildlife projects, and drainage. 

Flood control, including water retardation projects and upstream 
watershed treatment. 
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Improvements water navigation, including inland water transporta- 
tion and beach erosion. 


was obvious that, order cover field such large scope and com- 
plexity, formalized organization and procedures corresponding scope and 
detail would required. There was set up, under the Chairman, tradition- 
“line and staff” organization. This shown the accompanying chart. 
The line organization consists four Task Groups with the jurisdiction 
have stated. The staff organization consists (1) group six consultants, 
(2) the administrative staff, under the direction the Administrator, Charles 
Curran, (3) advisory board the Chairman, (4) accounting advisor 
and (5) general counsel. 

The administrative staff, under Mr. Curran, was organized into legal, en- 
gineering, accounting, editorial, statistical and clerical groups. 

addition the organization shown the chart, special consultants 
were engaged temporary basis make studies covering important as- 
pects water resources and power developments. These consultants func- 
tioned under the Administrator. 

Not shown the chart are two informal sub-committees, one known the 
“Program Group,” consisting the Chairman the Task Force, three con- 
sultants, and the Administrator; and the other, “The Planning and Coordinat- 
ing Committee,” consisting the Chairman the Task Force, the four 
Chairmen the Task Groups, the accounting adviser and the general counsel. 
The Program Group acted “Steering Committee” set progress 
schedules and agenda for meetings. The Planning and Coordinating Commit- 
tee set standards for procedures, defined the limits the work each 
the Task Groups, prevented duplications and over-lapping and coordinated the 
work. 

Because the limited time available and the large scope the work, 
special efforts were made recruit staff high caliber. For the senior 
staff, obtained professionals broad experience. Most these were 
borrowed from the Federal Agencies. Emphasis was placed finding men 
objective judgment, not committed doctrinaire views, who were able and 
willing subject policies and organization critical analysis. must here 
pay tribute the Federal Agencies who assisted and who were very gen- 
erous providing personnel and data. 

Soon after our work was commenced, public power proponents complained 
that they were not “represented” the Task Force and such representation 
was demanded with great vehemence. reply, was pointed out that none 
the members the Task Force was representative any special interest 
and the complainants were informed the criteria used select Task Force 
members. was then decided that the Task Force would hold public hear- 
ings which oral and written statements could presented the advocates 
any policies and/or ideologies with respect public and private ownership 
and operation, subsidies, taxes, jurisdiction, organization, etc. 

The Task Force held public hearings five cities San Francisco, Den- 
ver, New York, Chattanooga and Portland, Oregon, which 261 witnesses 
presented statements. The testimony covers excess 5,000 typewritten 
pages. has not been printed but available the public for inspection 
the Commission offices. 

addition the public hearings, closed hearings were held Washing- 
ton with the Federal Power Commission, the Department Agriculture, the 
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Department Interior and the Corps Engineers. Also, closed hearing 
was held for Senator Watkins Utah, who was accompanied representa- 
tives the Bureau Reclamation, and certain officials the State Utah 
who wished present data support the Upper Colorado River Storage 
Project. 

The Governors the States and Territories also were invited present 
their views and they responded with seventy-eight written statements. 

Twelve major field inspection meetings were held with the Federal Agen- 
cies and number special trips field projects were made individual 
Task Force members, the consultants, and staff members. 

With the cooperation the Federal Agencies concerned, some two hun- 
dred projects were studied detail. These included every reclamation proj- 
ect and every federal power system. Important examples flood control 
and navigation projects were also studied. 

the official instructions issued the Task Force November 1953, 
there was included this sentence: “Every member the Task Force will 
have complete freedom state his own opinion all matters under consid- 
eration.” was intention avoid any implication “steam rollering,” 
that the finished work the Task Force would represent reasonable 
consensus. felt that obtain unanimity all matters under consideration 
from twenty-six men such diverse backgrounds was impossible and that the 
value the Report would enhanced dissenting opinions were published. 
not imply that the absence dissents indicates that all members are 
complete agreement with the views expressed. doubt there are some dis- 
agreements but where these were not submitted for publication 
assumed that the disagreements were considered not sufficient importance 
warrant formal dissenting statement. 

Only three such statements were presented for publication, while two addi- 
tional dissents were registered, not for publication but merely “for the rec- 
ord.” All dissents referred specific matters limited scope, not the 
report whole. 

addition the public and closed hearings mentioned above, there were, 
between November 1953, and March 15, 1955, eighty-one meetings the 
Task Force, Task Groups, Program Group and the Planning and Coordinating 
Committee. 

The Task Force Report was submitted the Commission March 31, 
1955, and now being printed. will consist three volumes. The first 
volume the Report the Task Force proper and consists approximately 
270 pages closely printed matter. The second volume consists the Re- 
ports the four Task Groups, approximately 730 pages, and the third volume 
780 pages compilation the special studies prepared the staff 
members and the special consultants. The total report will, therefore, have 
about 1,780 pages. 

Volume the Task Force Report proper, consists five chapters, fol- 
lows: 


Chapter Basic Considerations and Findings 

Chapter Policies Past, Present and Future 

Chapter Federal Executive Organization, Present and Future 

Chapter Recommendations 

Chapter Examples, Facts, and Analyses Behind the Recommendations 
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Volume also contains the dissents and appendices with data relative 
administrative procedures the Task Force. 

Below given birds-eye view some the basic considerations which 
guided the Task Force its studies. Chief among these the importance 
the subject terms (a) the total Federal funds invested date, and 
(b) the rapid increase the rate growth government expenditures for 
water resources and power time when Federal budgetary deficits have 
become chronic and the Federal debt all-time peak. 

Since 1824, when the Federal Government first initiated work the water 
resources the country, total $14.3 billion has been spent. this, 
$11.6 billion has been capital outlay and the remainder for maintenance, op- 
eration and planning. Projects already authorized call for additional capi- 
tal outlay, estimated the Federal Agencies concerned $18-1/2 billion. 
This authorized backlog thus calls for expenditure over per cent great- 
than the total expenditure during the past 131 years. 

But this not all. 1938, the Corps Engineers made estimate 
the cost water resources projects then contemplated and came with 
figure $57-1/2 billion 1948 price levels. This includes $29 billion for 
projects not authorized that time. Since then, the 1950 and 1954 Rivers 
and Harbors Flood Control Acts have been passed and numerous reclamation 
projects and the St. Lawrence River Improvement Project have been author- 
ized. The $57-1/2 billion, mentioned above, included only billion for up- 
stream watershed treatment. Under the 1954 Act providing for such projects, 
our staff estimated that this program will amount $17 billion more. 
Thus, very conservative estimate the backlog now authorized, con- 
templated, the Federal Agencies excess $70 billion. This al- 
most seven times much was spent the first century and quarter 
these activities. With respect the rate expenditures, significant 
note that 1920 only per cent the present $14.3 billion total had been 
spent. Between 1920 and 1930, per cent was spent, and since 1930, per 
cent the spending has taken place, with the bulk (68 per cent) crowded 
into the post-was years. Between 1940 and 1950, $5.2 billion were spent and 
from 1950 1954, $4.3 billion. 

1954 there were offices and Bureaus the Federal Government in- 
volved water resources and power developments. these, are con- 
cerned with this work primary responsibility major activity. 
Their 1954 expenditures approximated $1.5 billion and more than 70,000 em- 
ployees were their payrolls. 

From these figures, and having mind the rapidly mounting public debt 
the Federal Government, evident that critical examination the 
program long overdue. 

There seems have developed this country belief that the expendi- 
ture Federal funds promote the interests favored area, 
favored group, warranted, provided can shown that the probable re- 
sulting benefits the National economy exceed the initial estimated out-of- 
pocket costs. Parenthetically, traditional that benefits are largely over- 
estimated and costs underestimated. The question whether this the best 
expenditure Federal funds the interest all the people the Nation, 
who pay the bill, seems have been neglected or, not neglected, passed 
over lightly. sure that anyone who would have the temerity raise 
question the morality taking money from all the people benefit 
favored few would run the risk being branded “crackpot,” or, the very 
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least, black reactionary who wants “turn back the clock the horse and 
buggy days.” 

Man’s wants are insatiable. Given freedom choice, individual will 
trade the things has for other things believes the latter will give him 
greater satisfactions. has money, may choose exchange for cer- 
tain things from which will derive the maximum satisfactions per dollar 
expenditure. may choose keep it. But the field public finance 
and public welfare would appear that this criterion does not apply and that 
consider only the question Will good? the answer “yes,” 
proceed with the project, presumably the theory that the public treasury 
has “no bottom.” 

These “benefactors with other people’s money” set themselves 
judges determine, for the rest us, which satisfactions would most re- 
warding us! From examination the record convinced that 
some cases, least, their judgments have not been without element 
self-interest. There ample evidence that political motives have frequently 
weighed heavily the determination whether the government should 
should not build. 

the foregoing have tried outline the mission and organization our 
Task Force. the following shall attempt summary statement some 
conclusions which might drawn from the Task Force Studies and the state- 
ments the Group Chairmen, and how think the recommendations the 
Hoover Commission the Congress could implemented. 


Part Conclusions and Recommendations 


believe the most important conclusion that Federal activities the 
fields water resource and power development have taken place without 
central supervision the Executive Branch the Government, except for 
cursory action the Bureau the Budget, which has never been adequately 
staffed for this purpose. Furthermore, there clear-cut, unified body 
Federal water policy. Instead there are diverse policies for different types 
development and different agencies, variously authorized and financed, 
each programmed under different ground rules and often conflict and com- 
peting with one another. 

There imperative need for clear-cut definition the role and poli- 
cies the Federal Government within the framework consistent National 
water policy. The current Federal policies taken together result hodge- 
podge, many elements which are contradictory. This, turn, generates 
conflict among agencies, over-lapping functions, competition for position, 
and wasteful expenditures. 

keeping with the growth trend all levels government— Federal, 
State, county and municipal—together with the policy over the past few dec- 
ades concentrating more and more power Washington, the Federal Gov- 
ernment has steadily assumed larger and larger share responsibility for 
water resource and power development. much that has now become 
dominant factor enterprises which, under our traditional concept 
sovereign states, should outside its domain. 

the field hydroelectric development, the Federal Government has in- 
vaded field which should reserved for private enterprise. 1933, the 
installed capacity Federal power projects was less than one per cent 
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all electric utilities the country. 1953, the Federal Government had be- 
come the largest single producer electric power, producing 13.1 per cent 
all kilowatt-hours generated. Technically and financially, there 
present prospective need for Federal power activities. logical con- 
clude that additional Federal power projects should constructed and 
that start should made disposing Federal projects private indus- 
try or, this not feasible, the States and local governments. 

Federal power projects under construction and authorized (if these also 
constructed) will, 1960, more than double the 1953 capacity and, when all 
are completed, will triple it, reaching total million kilowatts in- 
stalled capacity and representing total outlay $10 billion. 

There lack ability the part privately-owned utilities fi- 
nance and install needed electric generating, transmission and distribution 
facilities. Since the end World War II, they invested approximately $20.0 
billion electric properties against approximate total expenditure 
the Federal Government from the very beginning its power activities 
mere $2.5 billion! And much more now available for financing sound pri- 
vate projects. The Federal Government does not owe responsibility sup- 
ply any community, section region with its power requirements. 

Another indication the powerful movement toward centralized govern- 
ment that the Federal Government has not, the recent past, given suffi- 
cient consideration non- Federal interest, opinion and participation 
water resource and power projects and there every indication that local 
desires will receive less consideration the future, unless this trend 
stopped. 

the last two decades, the Federal Government has shown strong ten- 
dency designate whole valleys and river basins exclusive Federal do- 
mains for development water resource projects instead encouraging 
local and private interests undertake these works. 

the public hearings held the Task Force, state highway officials 
again and again called attention the fact that decisions bridge clear- 
ances across navigable streams and whether not draw bridges should 
installed are made without proper attention the extra cost State highway 
departments delays highway traffic and that, frequently, the water traf- 
fic accommodated minor non-existent. 

While some current legislation favors closer relationship between State 
and Federal interests, noteworthy that Federal agencies not generally 
consult effectively either among themselves with State and local groups. 
Unfortunately, local authorities, general, will not question projects which 
are paid for with Federal funds, preferring yield the powerful seduction 
subsidies. this case, many others, “he who pays the piper calls 
the tune”; the Federal Government bosses the show. 

apparent from our studies that the Federal Government has used 
water resource and power development projects, which should undertaken 
exclusively for economic purposes, accomplish indirect social and political 
ends. There are instances where projects are described flood control, 
reclamation navigation measures when their real and obvious purpose 
produce hydroelectric power. Navigation improvement projects have been 
constructed solely order bring pressure bear the railroads and 
truckers reduce freight rates. Although Federal power production de- 
scribed existing legislation subservient and supplemental other 
objectives water resource development, Federal agencies have 
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recommended construction multiple-purpose projects which were but thinly 
disguised hydroelectric developments. Also, Federal projects have been rec- 
ommended whose sole purpose the development power with attempt 

disguise. 

The construction Federal power projects so-called “yardstick” 
control the rates charged investor-owned utilities snare and delu- 
sion. was taught school days here St. Louis that there are 
inches the yard. But virtue failure include taxes and because 
low-interest financing, well other hidder subsidies, the yardstick pro- 
posed public power proponents has somewhere the neighborhood 
inches. 

The improvement, recent years, regulatory techniques and the suc- 
cessful administration the various controls instituted the States and the 
Federal Government over both operations and investments have been shown 
provide ample safeguards for both consumer and investor. “short- 
change yardsticks” are required. 

Another conclusion which might drawn from our studies that the Fed- 
eral Government has paid too much the costs water resource and power 
development and has required too little the beneficiaries. the total 
$85 billion invested all public and private sources water resource de- 
velopment the United States, the Federal Government has made capital 
outlay about $12 billion. The other $73 billion has been spent without bene- 
fit Federal subsidy and, thus, the persons who financed those expenditures 
have been discriminated against, have the other taxpayers the country. 

some cases, beneficiaries have contributed share the costs Fed- 
eral projects but, with the exception some unusual cases, the contribution 
has been minor. 

recent irrigation projects, the general range repayments required 
from the beneficiaries has been between 1/4 and 1/3 the capital costs and 
few are low per cent. case have they been required pay 
interest. 

The Federal Government usually subsidizes completely whatever benefits 
occur government projects classed recreational, for fish and wild- 
life, pollution abatement. 

With respect navigation and certain types flood control, local con- 
tributions average only few per cent Federal expenditures. contribu- 
tion required from local sources for flood control dams and storage 
reservoirs. 

study was made large sample flood control projects representing 
per cent cost $1.4 billion and listed currently active the Corps 
Engineers. The check showed that for active projects the categories 
that call for local contributions, the average such contributions was about 
12.6 per cent total costs. For all active flood control projects all kinds, 
total $3.18 billion, the local contributions total 6.1 per cent. 

For navigation programs, cash contributions local beneficiaries total 
abovt two per cent the total costs projects for which the Federal Govern- 
ment appropriated $2.5 billion. 

analysis watershed flood control projects the Department Ag- 
riculture shows that for total program 212 completed dams, the Federal 
investment will total 98.8 per cent construction costs. 

From analysis the projects studied the Task Force fair 
conclude that the Federal Government has planned, constructed and paid for 
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water resource and power development projects which are economically un- 
sound and, hence, waste the National wealth. quite evident that project 
costs are frequently underestimated, that benefits advanced various Fed- 
eral agencies justification for projects are often exaggerated, that unsup- 
ported and unsupportable claims are made for indirect benefits, and that 
benefits produced economically sound features are used compensate for 
uneconomical features, either combining purposes multiple-purpose 
structures combining projects, both, single economic evaluation. 
some instances, projects have been recommended and authorized without 
economic justification any kind. 

Flagrant examples underestimation costs are cited the Task Force 
Report. But this only part the problem. Overestimating benefits, which 
less easy detect, the other. The evaluation so-called “indirect 
benefits” can, many instances, properly described pure fantasy. 
When the skilled evaluator secondary benefits hits his stride the sky the 
limit, and finds difficulty arriving evaluations for mental, moral, 
physical, intellectual, psychic and social satisfactions which will derived 
individuals and groups from the project justifying, nor does have 
any difficulty assigning specific dollar values each these so-called 
benefits. 

The Task Force Report cites chapter and verse flagrant examples 
such overestimations benefits. shall not attempt repeat them here. 
However, there ample evidence warrant the conclusions that the desire 
rival Federal agencies enhance their prestige construction large 
projects, plus the fact that Congressional Committees often accept the agen- 
cies’ economic evaluations without thorough scrutiny, have resulted the 
construction projects which are little worth the Nation and, some 
instances, even the local communities. 

Another conclusion which might well drawn from the data compiled 
the Task Groups that Federal water resource and power projects which 
produce, could produce, revenues are not operated according sound 
business principles and not produce return fairly related their value. 

Even though capable fully paying their way, all Federal power projects 
now contain some subsidy which paid for the taxpayers the country 
and redounds solely the benefit local consumers. 

Similarly for other water resource projects, such flood damage abate- 
ment, river improvements and reclamation. All beneficiaries should make 
contributions commensurate with the benefits they receive. There other 
way achieve equitable adjustment between benefits received the few 
and costs paid the many. 

The Task Force devoted considerable time the study the Federal 
Government’s organization for carrying our water resource and power proj- 
ects. There every indication that there lack coordination which 
fosters competition among the agencies, causes controversy, confusion, dup- 
lication and waste, and encourages bureaucratic ambitions. Nor there 
present any provision for effective procedures for accomplishing inde- 
pendent and objective review water resource and power projects which 
are proposed the various agencies. 

quite obvious that the two most important organizational matters now 
are—first, effective coordination and, second, independent review. The Task 
Force has made specific recommendations relative both these matters. 
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obviously impossible effectively condense the content some 
1,800 pages data brief commentary this kind. recommend those 
who are interested this vital subject that they obtain copy the Task 
Force Report, from which they will able cull detailed supporting data 
the findings and recommendations cited the Task Force. 

The last part assignment has with the methods implementing 
the Hoover Commission recommendations the Congress. 

Because the reluctance political deprive anyone 
favor which now enjoys, firm conviction that the only way the 
reform measures recommended the Hoover Commission can made ef- 
fective for the citizens this country get behind them and make their 
voices heard the halls Congress, through the medium their elected 
representatives. 

Many years ago, was told old-time member the United States 
House Representatives that his formula for successful political career 
was vote for every appropriation measure and against every tax measure. 
Obviously, his decisions were based purely political judgments. When 
purely economic judgments are made, appears that will neces- 
sary for the electorate make them and become vocal their insistence 
that action taken their legislative representatives. 

Iam sure that among the Hoover Commission recommendations some will 
found which will call for disagreement and which would not win general 
support. This inevitable. The Hoover Commission bi-partisan organi- 
zation, designed represent both political parties. believe fair 
state that, many instances, the Commission’s recommendations represent 
compromises between sound economic judgments and political expediencies. 
When such compromises are made, the end result usually not entirely 
satisfactory either party. sure that some the Commission recom- 
mendations with respect the work our Task Force will such that 
cannot support them. equally sure that, balance, the total the 
Hoover Commission recommendations, made effective, would constitute 
great advantage the Nation. 

support for those recommendations the Hoover Commission with which 
agree. this were done all citizens, the result would reflected 
remedial action the Congress. therefore, urge careful consideration 
all recommendations and support for those which appear acceptable. 
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FOREWORD 


This paper one group five concerned with various phases the 
work the Water Resources and Power Task Force the Hoover Commis- 
sion, All were presented the June 15, 1955, meeting the ASCE 
Louis, 

The specific function the Hoover Commission was study and report 
Congress ways and means promoting economy, efficiency and im- 
proved service the transaction the public business the Executive 
Branch the Government, Work the Commission was implemented 
thirteen Task Forces, one which was the Task Force Water Resources 
and Work this Task Force was divided among four Task Groups 
assigned the following fields: 

Power generation and distribution 

Reclamation and water supply 

Flood Control 

Navigation 

The five papers presented include four the Chairman these Task 
Groups covering work their particular groups and one Admiral Moreell, 
Chairman the Task The first these papers, “Organization and 
Scope; Conclusions and Recommendations,” Paper 897) Ben 
Moreell, Hon, ASCE, explains the organization and scope the Task 
Force and presents his personal conclusions and recommendations. John 
Jirgal his paper, “Power Generation and Distribution,” Paper 898) 
cites the fact that 1933 the Federal Government owned less than the 
total electric generating capacity the United States; 1953 the proportion 
was 12-1/2% and 1960, the present rate, will 16%. The necessity 
conserving the water supply and developing overall Federal water policy 


Note: Discussion open until June 1956. Paper 898 part the copyrighted Journal 
the Power Division the American Society Civil Engineers, Vol. 82, 
February 1956. 


Paper presented St. Louis meeting American Society Civil 
Engineers, Power Division, June 15, 1955. 

Consultant public utility economic, financial and rate problems, 
Chicago, 
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stressed “Reclamation and Water Supply” (Proc. Paper 899) Leslie 
reviews the number and cost presently constructed authorized, and 
future probable, flood-control projects. “Improvements Navigation” 
Paper 901) Carey Brown, ASCE, the last the papers; 
concluded therein that many navigational improvements now under 
consideration recommended are dubious economic value. 

Since the Task Force Report had not yet been released, the authors were 
unable summarize the report itself disclose its conclusions and 
recommendations, They were, however, able outline these papers facts 
found the public records and problems presented these facts. Neces- 
sarily all opinions and conclusions are those the individual authors. 


SYNOPSIS 


The generation and sale electric energy the Federal Government’s 
largest and most rapidly expanding business. 1933, the Federal Govern- 
ment owned and operated less than one per cent the total utility plant 
capacity the United States, 1953 its proportion had increased about 
12-1/2 per cent and 1960 will about per cent. the end 1953 
Federal generating plants had capacity 11.5 million kilowatts. These 
utility plants and their transmission systems cost Federal taxpayers $2.3 
billion, Upon completion the plants now under construction and those 
authorized, total Federal generating capacity will close million 
kilowatts costing almost $10 

Ninety per cent entire Federal power capacity and generation con- 
centrated five river basins, namely: the Tennessee River Valley, Columbia 
River Valley, Colorado River Valley, the Central Valley Project California 
and the Missouri River Valley 

Although engineering work and physical operation are keeping with the 
best practices the utility field, these are only small part overall 
economy and efficiency any power well-designed plant, 
competently operated, will prove uneconomical and inefficient the power 
generates not cannot sold prices which cover full costs opera- 
tion, including fair return Two main Federal policies run 
directly contrary that principle, namely; 

That the power sold lowest possible rate which would promote 

wide-spread use, and 

That preference disposition power given states, municipali- 

ties, rural cooperatives and public bodies, generally. 

estimated that 1953 the Government sold power that generated 
for $110 million $130 million less than was really worth and when 
presently contemplated projects are completed, this annual subsidy con- 
sumers Federal power could amount $400 million per year. 


The subject this paper the Federal Government’s largest and most 
rapidly expanding business venture—the generation and sale electric 
energy. 
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The writer was Chairman the Task Group Power Generation and 
The other members this Group were Andrews, the 
Andrews Cotton Co., Memphis, Tennessee; Mattei, president 
the Honolulu Oil Corp., San Francisco, California; Reavis, 
attorney Jones, Day, Cockley and Reavis, Cleveland, Ohio; Judge Robert 
Sawyer, former president the National Reclamation Association and 
former editor and publisher Bend, Oregon; and Shannon, consulting 
engineer Seattle, 

you will note, this representative group business and profes- 
sional men, none whom connected with the operation management 
electric utility either privately publicly owned, 

were assigned the job examining the Federal Government’s power 
activities the light the aims set out Congress establishing the 
Hoover Commission, These aims were see what could done pro- 
mote economy, efficiency and improved service the public business. 
were consider particularly any power activities not necessary the 
efficient conduct the Government could abolished and any non- 
essential activities this field are competitive with private enterprise 
and could eliminated for that reason, 

view the scope the Federal Government’s power activities, our 
task involved enormous amount work, were able complete our 
extensive investigation only because the able and conscientious efforts 
our hard-working staff, headed Frank Weaver, ASCE vice president, 
and George Adkins, both high ranking engineers loaned the 
Federal Power Commission, also had the benefit engineering advice 
from Colonel Roberts Cleveland, Ohio, member the Task 
Force’s Advisory Committee and consultant the first Hoover Commission, 
and the valuable consulting services Walter Milde, attorney 
Jones, Day, Cockley and Reavis, Cleveland, Ohio. 

The results our studies and the recommendations made were set 
forth three hundred page report Admiral Moreell’s Task Force and 
transmitted part the Task Force Report the Hoover Commission, 
Since the Commission has not yet acted, and the various reports have 
not been published, not free summarize our report for you but can 
state the facts found the public records and outline the problems these 
facts will also tell you what individual, think about the 
solution some these problems, 

1933 the Federal Government owned and operated less than one per cent 
the total utility plant capacity the United States. 1953 its proportion 
had increased about 12-1/2 per cent and 1960 will about per 
cent, About per cent the total utility capacity was private utility 
hands 1953 and somewhat less than per cent was owned non- Federal 
public bodies, including cooperatives. 

the end 1953 Federal generating plants had capacity about 11.5 
million These utility plants and their transmission systems cost 
the Federal taxpayers $2.3 billion, Upon completion the Federal plants 
now under construction and presently authorized, the total Federal generating 
capacity will close million kilowatts—three times the 1953 capacity. 
They will have cost the Federal taxpayers almost $10 billion construct. 
There are further projects which have been proposed but not authorized 
which, undertaken, will run into additicual millions kilowatts and billions 
dollars. 
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The Tennessee Valley Authority alone operates the largest power generat- 
ing system the United States. the basis present plans TVA will, 
1960, have estimated per cent all the utility plant capacity the 
United States. Its power investment, including transmission, will over 
billion when projects scheduled commence prior 1960 are completed, 
Its generating capacity then over 13-1/2 million kilowatts, About 
per cent that capacity will steam-electric, TVA deliveries the 
Atomic Energy Commission will shortly about per cent its genera- 
tion but even without this load TVA will, the basis present plans, oper- 
ate the largest power generating and transmission system this country for 
many years come, 

The Columbia River Basin power properties the Federal Government 
make the second largest Federal also will have investment 
over billion when the plants under construction and authorized have been 
completed, Its generating capacity will then over million kilowatts, 

These two Federal systems alone will have over per cent the capacity 
and over per cent the investment the entire Federal power undertak- 


The other large Federal systems are the Colorado River development, 
which includes the Hoover, Parker and Davis dams, the Central Valley Pro- 
ject California and the Missouri River Valley projects. Together these 
five Federal systems will, when the presently authorized construction 
completed, make about per cent the entire Federal power capacity 
and generation. 

Let noted that these five Federal power systems are few river 
Hydroelectric power unequally distributed throughout the 
Over per cent the Mountain and Pacific states; over per cent 
the Pacific Northwest states Washington, Oregon, Idaho and Montana, 
There are Federal power plants New England the middle Atlantic 
states, and none importance the east north central states. ex- 
ample this unequal distribution, the states New York, New Jersey and 
Pennsylvania, which not have single Federal power project, have only 
per cent the nation’s potential hydroelectric power but account for 
per cent the Federal income taxes paid, have per cent the population 
and presently use per cent all the electricity sold. 

The billions invested Federal power which have referred not 
include the $2.7 billion Federal loans approved the Rural Electrifica- 
tion Administration, These additional billions have furnished over per 
cent the investment rural lines, power plants and transmission systems 
made REA’s borrowers, 

view this large investment obvious that Federal power activities 
are big business. Actually the Federal taxpayers will shortly after 1960 have 
invested this large scale commercial undertaking nearly much 
security holders have invested the American Telephone and Telegraph 
Company system and from twice several times much they have in- 
vested General Motors Corporation, Standard Oil Company New Jersey, 
and DuPont chemical undertaking the Pennsylvania The Federal 
investment will then also several times that any the larger privately 
owned electric systems, 

this Federal power business being run economically and efficiently? 
all this business necessary? any this business non-essential activi- 
competitive with private enterprise? 
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First, let take economy and efficiency. 

engineering work and physical operations appeared our Group 
that these were keeping with the best practices followed the electric 
industry were impressed with the competence the present 
field supervisory forces with which came contact. 

But sound construction engineering and proper physical operations are 

only small part overall economy and efficiency any power business, 
well designed plant, competently operated, will prove uneconomical and 
inefficient the power generates and transmits not cannot sold 
prices which cover the full costs operation including fair return 
the investment, 

Most Federally generated power marketed the Department 
Interior through four agencies; The Bureau Reclamation, which disposes 
the power generated the Hoover-Parker-Davis dams, the Central 
Valley project California and number the smaller and more 
isolated plants connected with irrigation projects; The Bonneville Power 
Administration, which sells the Columbia River basin output; and the South- 
eastern and Southwestern Power Administrations which market the genera- 
tion certain power plants built connection with flood control projects 
the Southeastern and Southwestern portions the United States. The TVA 
markets its own power 

Most these Federal power generating plants were constructed part 
multiple-purpose projects, the primary object, either expressed im- 
plied, being improve navigation, prevent floods provide irrigation, 
some combination these. Power development was incidental these 
main objectives, Since the greater share the cost the other phases 
these projects were considered non-reimbursible, would seem logi- 
cal have sold this surplus product for what was fairly worth, this 
way, the earnings from power sales would have reduced, the maximum 
extent, the cost the entire project and thus relieve the Federal taxpayers 
some part their burden, 

Two main Federal policies directly contrary this concept were adopted, 
however, and were given effect either way expressed statutory provi- 
sion administrative interpretation, They were: 

That the power was sold the lowest possible rate which would 

promote its most wide-spread use, and 

That preference the disposition the power was given 

states, municipalities, rural cooperatives and public bodies, generally. 

precise standards for fixing rates were provided any the statutes, 
The statutory directions were very general and Rates were 
fixed the agencies that the project would “self-supporting and self- 
the lowest possible rates which would promote wide-spread 
only one statute, the Flood Control Act 1944, were the rates 
fixed the lowest possible amount consistent with sound business principles, 
and this case the latter half this requirement was nullified adminis- 
trative interpretation. 

some statutes attempt was made set cost standards for fixing 
rates but all them important elements were omitted, Only operating 
and maintenance expenses, which are very minor portion the total cost, 
were provided for uniformly those statutes where rate standards were 
established, some cases, was specified that addition amortization 
the investment provided for, but mention was made interest and 
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other cases the reverse was true, interest was provided for but 
amortization was not mentioned. Only the case the Bonneville Power 
Administration has attempt been made any agency include ex- 
penses the administrative and supervisory charges incurred other 
governmental agencies for the benefit these power systems, 

none the statutes dealing with rate-making specific provision 
made for Federal income Only the case TVA there separate 
statutory provision for the payment certain amount lieu local taxes, 
TVA the payment local taxes was designed protect local governments 
from loss revenues formerly received from tax paying private utilities 
whose property TVA had acquired, There was thought paying local 
taxes property which TVA had built would 

the case the Hoover Dam project the original statute apportioned the 
profit from the sales power competitive rates the states Arizona 
and Nevada and the Colorado River Dam Fund Federal fund) and when 
the rates were lowered statute 1940 these states and the fund were 
given certain specified “in lieu” payments lump sum amounts compen- 
sate them for the change the rate formula, These “in lieu” payments can 
considered partial offset taxes, but they are way comparable 
with what private utility company would pay owned and operated the 
same property. 

what have had now very large Federal power business, 
involving the investment billions dollars, with Congress effect acting 
Board Directors without, however, establishing definite policy 
the price charged for the products that business even seeing 
that the prices charged cover fully all the costs incurred their produc- 
tion, 

always easy any business—and popular with the customers—to sell 
product for less than worth and less than actually costs produce 
it. The various Federal power agencies, therefore, have found easy 
adopt this low-rate philosophy. 

Their concept cost seems that includes any item expense 
specifically provided for statute involving actual cash outlay, 
for instance, payroll, fuel payments. Under this concept, the payment 
taxes not being specifically provided for statute not recognized either 
for rate making annual accounting Similarly, if, under some 
statutory provision, interest not actually paid need not recognized 
the accounts, The TVA, for instance, pays only relatively nominal amount 
interest— $679,439 fiscal 1954—even though its present net power in- 
vestment nearly billion, This, per cent rate, would call for an- 
nual interest payments upwards $30 million, 

The result all this that Federal power sold less than fairly 
worth, Using fair power values the various areas the country where the 
Federal systems operate, find that fiscal 1953, for example, the 
Government sold the power generated for $110 million $130 million less 
than was really worth. Unless present rate policies change, when presently 
contemplated projects are completed, this annual subsidy consumers 
Federal power could amount $400 million year. 

Personally, have never been able see why the Federal Government, 
engages any business, should sell its products for less than they are 
fairly worth. This not new idea, The Federal Government itself adopted 
this policy when built its first large scale power projects—the Hoover Dam, 
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should never have abandoned stockholder private company 
would stand for long selling power any other basis, the Federal power 
business the Federal taxpayers are the stockholders, They have supplied 
all the They have right demand that this price policy adopted. 

often contended that the rates for Federal power should, addition 
covering other cost elements, provide return investment only 
interest the rate paid the Government, not share this view, es- 
pecially where the Government enters field which competitive with 
private industry. But even this basis, using long-term interest rate 
per cent and computing Federal, state and local taxes the basis pay- 
ments made non-governmental producers production equivalent 
amount energy, the Federal power revenues during fiscal 1953 were $75 
million below the amount required recover costs according this stand- 
ard, Over the entire history the Federal power operations June 30, 
1953, operations failed recover these costs over $330 There 
can question that this deficiency—a subsidy users Federal power— 

Now would logical assume that the Federal Government, having 
built these hydroelectric power plants incidential the main objectives 
improving navigation, preventing floods, irrigating land, would have 
contracted sell power only capacity the hydroelectric plants and 
the basis that there would variations the output resulting from 
fluctuations stream flow. This, however, has not The TVA, 
for instance, requires all its utility customers take their entire supply 
from its facilities. This policy, effect, creates obligation TVA 
build all the generating facilities ever needed 80,000 square mile area 
which now supplies, The result that TVA has built large steam plants 
and extensive transmission systems and its distributors have generating 
facilities their own, Since TVA has, for all practical purposes, already 
exhausted all its hydroelectric possibilities, the only way can continue 
meet the expanding needs its distributors build more steam plants, 
has been and doing. Much the same undertaking permanent 
utility obligation has occurred the Pacific Northwest. 1946 Depart- 
ment Interior brochure pointed out that the Federal Government’s power 
activities had provided the Pacific Northwest with very low-cost hydroelectric 
power. went say, and quote: 

turn, has made impractical and uneconomical, with some 
exceptions, for electric utilities, both public and private, within the region 
develop additional electric generation small plants. result, the 
Federal Government today has public utility responsibility for meeting 
the additional power needs the region. The program the Federal 
Government has, with minor exceptions, become the single source from 
which all Federal power needs the region must far possible 
met,” 

think you will agree with that undertaking supply power less than 
cost large area the country uneconomic and can only result 
constantly expanding Federal power business with constantly increasing 
calls the taxpayers for funds pay for the necessary 

The second aspect the Federal Government’s power marketing policy 
concerned with the preference one class customers over 
special study the history this preference policy was undertaken 
part our investigation. This study showed that the preference policy had 


a 
ora 
pr 
ay 
4 


898-8 February, 1956 


its beginnings with the passage the Reclamation Acts 1902 and 1906, 
period during which the conservation natural resources was national is- 
The idea the beginning was that the resources the nation should 
developed and utilized for the benefit all the people. Since electric utili- 
ties were regarded the time monopolies with restriction the rates 
they could charge the consumer, was concluded that the only way insure 
that the benefits developing these power resources would flow down the 
ultimate consumer was give first call local public bodies. These public 
bodies were assumed not interested making profit the transac- 
tions. Because the absence Federal activity this field during the 
period, there were few statutes dealing with marketing from Federal power 
projects between 1906 and the commencement Hoover Dam construction 
1928, but the Boulder Canyon Act covering the latter project and the legisla- 
tion covering the extensive developments from 1933 date consistently car- 
ried forward this preference policy, 

This same preference policy was also incorporated the licensing provi- 
sions the Federal Water Power Act 1920, which required that public 
bodies should have first call over private companies the construction 
navigable streams dams for power 

Not only were public bodies and cooperatives given preference all 
Federally-generated power, but the statutes covering the principal projects 
also provided that power already contracted for private utilities could 
relatively short notice withdrawn and transferred these preference 
customers, were necessary meet their 

the administration the statutes the Department the Interior until 
very recently took the position that was under mandate, not only contract 
with public bodies and cooperatives voluntary basis, but seek them out 
and actively promote their establishment, 

result this former Department the Interior policy large num- 
ber public utility districts took over the properties and markets private 
utilities the Columbia Basin area, the seven-state TVA area, except 
for two small privately owned distribution properties, the entire retail dis- 
tribution passed into the hands municipalities and 

Like many government policies which are established under certain 
set circumstances, this preference policy was continued long after the 
circumstances had will recalled that the commencement 
this preference policy there was regulation electric rates and 
Federal income taxes. 

Regulation public utility rates was first undertaken two states 1907 
and was provided for progressively other states thereafter. did not 
become fully effective until Congress, 1935, gave the Federal Power Com- 
mission the power regulate interstate electric rates and the Securities and 
Exchange Commission the right regulate and dissolve holding companies. 

This regulation electric utilities recognized the monopolistic character 
their operations. The standards rate making adopted the regulatory 
commissions were designed bring about the same results would obtain 
were competitive forces fully operating this field, other words, when 
electric rate regulation became fully effective, now is, the ability 
electric utilities fix rates without restriction was ended and the original 
need for the preference clause disappeared, 

The Federal Income Tax Law was passed 1913 and the first tax rates 
were nominal, the highest rate the commencement World War 
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being per cent, while today the corporate tax rate per cent. State and 
local tax rates have also advanced substantially during this period. They are 
about twice high today they were before the war. 

you know, public bodies are themselves exempt from all Federal 
taxes including income taxes, and the income from their securities the 
holders thereof also exempt from Federal income The latter 
exemption results lower financing costs than those met private com- 
panies, the income from whose securities are fully taxable large majori- 
the holders. Accordingly they already have inherent advantage over 
private companies, 

Thus when the preference policy was first adopted there was very little 
difference between the tax burdens privately owned and publicly owned 
utilities and made relatively much less difference taxes were not con- 
sidered element cost fixing rates. 

Today, however, the cost Federal power can per cent per 
cent lower than the cost privately sold power corporation taxes and 
taxes the income from securities necessary finance these projects 
are not taken into account, For local public bodies this tax advantage 
also substantially great. have entirely different tax situation 
than when the preference policy was initiated and its impact power costs 
and rates cannot 

Now what have been the results the enforcement this preference 
policy? 

Starting 1946 when all the principal Federal projects were opera- 
tion, the preference customers took 38.3 per cent the power available 
non-Federal users, This ratio steadily increased until 1953 was 52.2 
per cent, Meanwhile the privately owned utilities 1946 received 33.3 per 
cent all the saleable power from these projects and 1953, 18.5 per cent, 
only about one-half the relative amount received the earlier The 
Federal industrial customers, mostly aluminum and electro-chemical, re- 
ceived relatively the same amount each year (28.4 per cent against 
29.3 per cent), 

The trend toward increasing the supply preference users has been 
accelerated recent years, For instance, the case the important 
Bonneville Administration firm power whatsoever will available 
privately owned utilities the Pacific Northwest after 1960 unless Congress 
authorizes additional projects. privately owned utilities received 
33.3 per cent all power generated, the case the Central Valley 
project, which until recently sold per cent its output California 
private utilities, from now practically all saleable firm power will 
delivered preference customers, leaving the California private utilities 
with only the secondary power which such preference customers not elect 
take, 

Ultimately, course, under present practices 100 per cent Federally 
generated power will preference customers. This preference policy 
effect makes any consumer privately owned utility “second-class 
far Federal power concerned, The company from which 
buys power denied Federal His neighbor across the road the 
next town served cooperative municipality gets power for less than 
true cost and he, his electric rate, pays local, state and Federal taxes 
greater amount because his neighbor pays nothing toward these 


| 
ae 
J 
in 
> 
= 
4 
5 


898-10 February, 1956 


dramatic illustration all this occurs the Pacific Northwest, 
1953 power users the state Washington, which there are numerous 
preference customers, received almost per cent the Federal power 
produced the Columbia River projects and power users the state 
Oregon, where private power enterprise electric distribution more 
prevalent, received less than per 

time get back the original intent the preference policy and 
that eliminate the possibility any mark-up the price Federal 
power the resale the same the This can easily ac- 
complished through rate regulation contract and the policy will 
much more effective than now 

There are many other inequities, inadequacies and faulty practices the 
marketing Federally generated power but time will not permit 
into them, Failure the part the Federal Government recognize 
taxes element power cost and rates, coupled with Congressional 
direction sell preferentially consumers which are themselves exempt 
from these levies, can only result driving out ultimately any private 
capital, which must assume those tax burdens—large and important they 
There will net financial gain the nation following out the 
present policy because the total cost producing the power will not 
The cost will merely divided into two parts instead one. 

One part will borne the beneficiary the power his rates and the 
other will shifted the general taxpayers, who most cases will not 
the beneficiary. This useless financial effort will, however, followed 
its logical conclusion, destroy private initiative, and not unlikely that 
will also confiscate well, indirectly perhaps, private investments al- 
ready 

believe that thoughtful men, with the overall good the Nation mind, 
will not permit these marketing policies 

Let consider next whether all this Federal power business 
necessary the efficient conduct the Federal Government, some 
all nor-essential activity competitive with private enterprise 
which could eliminated? 

think there will always debate whether, and the extent, 
the Federal Government should have gone into the large scale power business 
the The past interests only the extent that the same valid con- 
ditions and circumstances exist today which, allegedly, may have once justi- 
fied Federal entry into the power field, 

has been contended that Government activity this business was 
necessary because: there was large scale unemployment; the needs de- 
fense had satisfied; the Atomic Energy Commission needed large 
blocks power; the hydro developments connection with multiple- 
purpose projects were too large for private financing; the private utilities 
because over-capitalization and faulty financial structures could not con- 
struct all the property that was needed; adequate service was not supplied 
the rural areas; electric rates were too high promote wide-spread use. 

Whatever the situation may have been the past, there presently 
unemployment problem and there has been none the last fifteen years, 
there World War calling for emergency plant construction for defense 
purposes, private utilities are contributing the extensive requirements 
the Atomic Energy Commission about much energy the Federal agen- 
cies themselves are contributing. This being done entirely new plants 
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already built the process construction—and financed entirely 
private capital, 

Large accumulated savings the hands private citizens and institu- 
tions now enable both private companies and non-Federal public bodies ob- 
tain ample capital for the building power plants, toll bridges, toll roads and 
other revenue producing property. the thirteen years 1953 privately 
owned electric companies have added $13.2 billion their investments 
properties, sum $11 billions excess the total Federal investment 
date. 1953 alone these companies invested $2.6 billion, more than the 
present Federal Local public bodies have invested date over 
billion electric properties, These private and public bodies are able and 
willing construct all necessary generating 

The Securities and Exchange Commission has dissolved all unnecessary 
holding companies and sound financial structures prevail throughout the 
electric utility field, study the average rate return earned private 
utilities during recent years shows that practically the same the 
average rate return which commissions and courts have decided 
necessary attract The rate level, therefore, has been 

there has been any neglect rural electric development the past, 
does not exist today, REA and the non-Federal utilities have contributed 
about 50-50 installing electricity over per cent the farms, There 
longer any necessity for REA continue making loans substantial 
and increasing amounts for enlarging facilities, 

seems clear me, therefore, that whatever the situation may have been 
the past, the private and local public electric enterprises the country are 
now sufficient financial strength, and capital accumulation the hands 
private citizens and institutions adequate, finance the furnishing the 
country’s electrical needs the basis earnings realized from reasonable 
The Government’s power activities are therefore now, and the 
foreseeable future will be, competitive with private enterprise. 

Finally, might ask, despite this situation now and appears for 
the future are the resources the Federal Government plentiful and are 
the burdens Federal taxes light that can afford sell Federal power 
less than costs everyone who may want “cheap” power? call your 
attention the fact that the debt the Federal Government the end 
fiscal 1933, when its active power program began, was only billion; 
the end fiscal 1953 was $266.0 billion nearly twelve times much, 
the twenty years from 1933 1953 there have only been three years 
which the Federal Government has not operated deficit. 

think the conclusion inescapable that Federal financing the power 
portion whatever multiple-purpose construction projects may under- 
taken the future neither desirable nor necessary. Power generation 
and distribution is, and essentially always has been, local problem, Local 
private and publicly owned utilities presently own the thermal plants which 
will permit the most economical utilization hydroelectric power, The 
Federal Government’s deficits are still large and its debt astronomical, 
There should not any further unnecessary calls Federal taxpayers. 

The situation calls for some restraining body the Administrative 
branch the Federal Government which will curb the power construction 
and marketing agencies and which will decide when local interests are 
fact wholly unable undertake hydroelectric plant construction. This body, 
should, think, largely made non-agency public members. 
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self-evident from the facts that development hydro- 
electric power should actively encouraged the Federal Government, 
The partnership policy, under which the Federal Government pays that por- 
tion the construction costs which are attributable navigation, flood con- 
trol irrigation, and local electric utilities—either public private—pay 
the portion attributable power, should encouraged all and empha- 
sized and pushed Federal legislators and administrative 

Proper cost and rate standards should also covered legislation, 
There should discrimination favor one class citizens con- 
sumers, one river valley area over another, Rates for Federal 
power are urgent need revision, order promote economy the 
public business the Federal Government increase the rate level for 
power must, The accounts should stated the same basis any 
other commercial undertaking, with full recognition all costs, including 
the cost government, The whole matter adequate accounting and 
compensatory and non-discriminatory rates should, firmly convinced, 
put charge the Federal Power Commission which already has such 
complete jurisdiction over the interstate rates privately-owned utilities, 

Most these observations apply with equal force present and future 
power projects. What should done with present power projects? 2.3 
billion lot money have invested strictly commercial business 
like selling The $10 billion total for plants being and under way 
lot necessary first step bring about the full earning 
capacity the existing properties increasing rates that they will yield 
fair return the investment, would fool-hardy sacrifice any the 
present Federal taxpayers’ investment because low earnings level. 

hard and fast rule can established the disposition the 
present Federal power systems, number problems must considered 
connection with each one, and one program will fit all them. How- 
ever, some plan for their ultimate disposition clearly indicated. 

conclude with one final observation matter great gravity. 
are on, not bit over, the threshold development power atomic 
energy. the not-too-distant future, according the latest estimates, 
very considerable portion our National power generation will use atomic 
energy 

Whatever authority controls one hand the power sources industrial 
nation can, elects, control all industry. For this reason seems 
urgent that our National philosophy power reviewed and, upon re- 
view, directed without deviation the end that local, non-Federal organiza- 
tions the ones develop all our power requirements from whatever 
energy source—coal, oil, gas, falling water atomic energy. the interest 
our Nation’s future welfare and the perpetuation our present form 
society the Federal Government should soon feasible withdraw from 
this field based present energy sources and refrain from entering 
based atomic energy source, 
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WATER RESOURCES AND POWER STUDIES, TASK FORCE, 
HOOVER COMMISSION: RECLAMATION AND WATER 


Leslie Miller? 
(Proc. Paper 899) 


FOREWORD 


This paper one group five concerned with various phases the 
work the Water Resources and Power Task Force the Hoover Commis- 
All were presented the June 15, 1955, meeting the ASCE 
Louis. 

The specific function the Hoover Commission was study and report 
Congress ways and means promoting economy, efficiency and im- 
proved service the transaction the public business the Executive 
Branch the Government, Work the Commission was implemented 
thirteen Task Forces, one which was the Task Force Water Resources 
and Power. Work this Task Force was divided among four Task Groups 
assigned the following fields: 

Power generation and distribution 

Reclamation and water supply 

Flood Control 

Navigation 

The five papers presented include four the Chairmen these Task 
Groups covering work their particular groups and one Admiral 
Chairman the Task Force. The first these papers, “Organization and 
Scope; Conclusions and Recommendations,” (Proc. Paper 897) Ben 
Moreell, Hon, ASCE, explains the organization and scope the Task 
Force and presents his personal conclusions and recommendations. John 
Jirgal his paper, “Power Generation and Distribution,” (Proc, Paper 898) 
cites the fact that 1933 the Federal Government owned less than the 
total electric generating capacity the United States; 1953 the proportion 
was 12-1/2 and 1960, the present rate, will 16%. The necessity 
conserving the water supply and developing overall Federal water 


Note: Discussion open until June 1956. Paper 899 part the copyrighted Journal 
the Power Division the American Society Civil Engineers, Vol. 82, 
February 1956. 

Paper presented Louis meeting American Society Civil 
Engineers, Power Division, June 15, 1955. 

Former governor, State Wyoming, Cheyenne, Wyo. 
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policy stressed “Reclamation and Water Supply” (Proc. Paper 899) 
Leslie Miller. “Flood Control” (Proc. Paper 900) Horner, 
ASCE, reviews the number and cost presently constructed author- 
ized, and future probable, flood-control projects. “Improvements 
Navigation” (Proc. Paper 901) Carey Brown, ASCE, the last 
the papers; concluded therein that many navigational improvements 
now under consideration recommended are dubious economic value. 
Since the Task Force Report had not yet been released, the authors were 
unable summarize the report itself disclose its conclusions and 
recommendations. They were, however, able outline these papers facts 
found the public records and problems presented these facts. Neces- 
sarily all opinions and conclusions are those the individual 
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Most striking features Federal participation reclamation and water 
supply are the multiplicity agencies involved and the lack overall 
policy. Among the agencies involved various phases this work are the 
Corps Engineers, the Bureau Reclamation, the Department Agricul- 
ture, the Forest Service, the National Parks, the Indian Service, the State 
Department and the Federal Power Commission, 

The following are suggested aimed alleviating this condition: 

That the Congress provide uniform policy which all beneficiaries 

all water resource developments assessed portion the cost. 

That Congress recognize the primary measure the economic 
worth project, the degree which all classes beneficiaries 
are willing pay the costs, replacing thereby the present cost-benefit 
analysis 

That the Federal contribution the economic cost (the cost plus 
interest) project should not exceed the sum the State and local 
contributions. Repayment periods should not exceed years after 
development period, the length which should dependent local 
conditions but not exceed years. 

That returns from power municipal water revenues, over and above 
cost, should used subsidize all forms water resource develop- 
ment, irrigation, flood control, drainage, recreation others, but that 
the interest both the investment power municipal water supply 
and the subsidized portion the cost other resource development, 
should returned the Treasury, together with the principal, within 
50-year period. 

These suggestions could implemented Board Coordination and 

Review whose duties sould follows: 

responsible for the coordination planning water resource develop- 
ment Federal agencies and State, interstate and local agencies 
participating works having partial Federal responsibility. 

Encourage negotiation interstate compacts under which planning for 
development water resources river basins would initiated and 
directed, 

Encourage coordination work Federal and State agencies 
lection and dissemination hydrologic data, 
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Evaluate adequacy data supporting projects proposed for construc- 
tion Federal agencies and Federal-State agencies when Federal 
funds are involved. 

Evaluate the feasibility water development proposals where Federal 
funds are involved and evaluate such proposals with respect their 
station, regional and national implications. 

responsible for application uniform formulae for cost-benefit 
ratios, cost allocations, and reimbursable and non-reimbursable 
divisions costs. 

Where Federal funds are involved, provide for such field surveys and 
research required effect adequate evaluation projects, utilizing 
local and State agencies where available and appropriate Federal agen- 
cies whenever required. 

Where Federal funds are involved, recommend Congress alloca- 
tion participation planning and financing projects consistent 
with the respective responsibilities local, State, interstate and 
Federal 

Recommend Congress the appropriate Federal agencies undertake 
the design, construction and operation and maintenance projects 
major Federal responsibility. 

10) Periodically review authorized projects and inform the President and 
Congress progress, compliance with approved plans, cost and 
performance. 

11) Periodically review authorized projects and, where construction has 
not been started, recommend the President and Congress those 
projects which should deauthorized. 


well known that have this country limited supply water 
average year. Various committees have from time time pointed this 
and with steadily growing population and with increased industrial de- 
mands imperative that give immediate and constructive attention 
conserving the supply and using it, all aspects, the utmost advantage. 

the outset its work, our Task Group Reclamation and Water Sup- 
ply was struck with the necessity examine carefully the multiplicity 
Federal agencies engaged water development and administration one 
direction and another. were required consider the relationships in- 
volved and the wide variations policies, rules and regulations. 
recognized, has, for example, the Engineers Joint Council, that there 
does not exist any overall Federal water policy. 

have the Corps Engineers developing water for navigation, flood 
control, power production and irrigation. The Bureau Reclamation develops 
for irrigation, flood control, and power production. The Department 
Agriculture develops for flood control, power production (REA), soil conser- 
vation, and irrigation. Added these have the Forest Service, the Na- 
tional Parks, the Indian Service, the State Department, the Federal Power 
Commission and other agencies involved water development varying 
phases. But over all these activities there guiding national policy. 

With this mind some the members our Group made certain find- 
ings desire present for consideration. suggested: 
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That the Congress provide uniform policy which all beneficiaries 
all water resource developments assessed portion the cost. 
Thus, irrigation development the farmer water user should not 
required the sole bearer the burden repayment the 
cost project. Nonagricultural areas, urban and suburban, should 
required pay amount equitable with that paid the farmer. 
addition, the State should bear some portion the project 

That the Congress recognize the primary measure the economic 
worth project, the degree which all classes beneficiaries are 
willing pay the costs, replacing thereby the present cost-benefit 
analysis 

That the Federal contribution the economic cost (the cost including 
interest) project should not exceed the sum the local and State 
contributions. Repayment periods should not exceed years after 
development period, the length which should dependent local 
conditions but not exceed years. 

That returns from power municipal water revenues, over and above 
cost, should used subsidize all forms water resource develop- 
ment, irrigation, flood control, drainage, recreation, others, but 
that the interest both the investment power municipal water 
supply, and the subsidized portion the cost other resource 
developments, should returned the Treasury, together with the 
principal, within 50-year period. 

carrying out these general recommendations, the following objectives 

should adopted: 

Reclamation drainage and flood control, the recharging 
ground waters, well irrigation, should provided for any 
proposed new water policy. 

national water policy should recognize the rights and laws the 
separate States concerning appropriation, use, control and development 
waters within their 

Sovereign States have interests, rights, and obligations, which must 
protected and fulfilled, that such States and local agencies thereof 
should offered the opportunity participate such programs and 
projects are contemplated. Where interstate streams are involved, 
States should encouraged and, prerequisite Federal partici- 
pation, required create interstate compacts for the purpose 
dealing with water resource 

Water resources should developed manner not conflict with 
beneficial consumptive use water for domestic, municipal, stock- 
water, irrigation, mining industrial use; and the Federal Govern- 
ment should assert sovereign right with respect one use water 
over 

Where the Federal Government participates program for the de- 
velopment major river basin, should consider itself agency 
cooperating with the States and the local agencies thereof, and that the 
work undertaken for the benefit such State, States, local 
agencies. 

The Federal Government should provide reimbursable loans en- 
courage States and local agencies well interstate agencies 
plan, build acquire water resource projects. 
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order that the Federal Government may strengthen its position 
assume these duties, the following provisions Federal water policy 
should established: 

That only Congress empowered examine, define and author- 
ize Federal projects, 

Provide uniform standards which costs, benefits, and economic 
justifications and related matter can honestly submitted the 
Congress, and which subsidies, any, may precisely deter- 
mined, and made 

Avoid duplication and competition among Federal agencies en- 
gaged water resource development. 

Amend the power preference law insure the administration 
Federal power projects provide fair, equitable, and non- 
discriminatory treatment all consumers and distributors 
power, public and private. 

The proceedings All Federal and State agencies having 
with the assembly and evaluation such basic information 
topographic mapping, precipitation, stream flow, runoff, ground 
water percolation, pollution and all other information needed 
planning such water resource projects should properly co- 

the field water pollution, the Federal Government should 
limited the administration currently existing laws, re- 
search and investigations, except when through inaction 
State can shown that water pollution adversely affects inter- 
state waters, which case should authorized take action 
alleviate pollution. 

avoid abuses the past, classification such items navi- 
gation, flood control, fish and wildlife protection wholly the 
national interest and therefore non-reimbursable, should 
discontinued, and provision made for those benefited absorb 
equitable share the cost such project. 

States, their local agencies interstate agencies should 
exempted from the licensing provision the Federal Power Act. 

Provisions section the Flood Control Act 1944, that 
investigations shall conducted give affected States 
information developed and opportunity for consultation re- 
garding plans and proposals and cooperate investigations 
well that reports must submitted affected States for 
comments, should revised apply all Federal agencies 
authorized plan construct water resource projects, includ- 
ing the Department Agriculture, the prosecution water 
management programs for soil and water conservation and up- 
stream flood control. 

The Federal Government should not undertake supply 
municipal, industrial, domestic water except where such 
undertaking incidental part multiple-purpose develop- 
ment having with flood control, navigation and/or reclama- 
tion. case should there subsidy such undertaking. 
The total cost municipal, industrial domestic water supply 
should returned the Treasury the United States not 


eee 
poke 
2 
pec 


February, 1956 


exceed years, including interest from the beginning con- 
struction, rates which the Federal Government then paying 
long-term borrowed money. Annual returns the Treasury 
should adequate repay all financial costs, operation, main- 
tenance, replacements, etc. and may addition include sufficient 
funds for the partial repayment costs properly allocable 
reclamation other features. Contracts for repayment 
domestic industrial water facilities should made only with 
States agencies States. 

The contribution the Federal Government the economic cost 
reclamation project should case exceed the local and 
State contributions. This, most cases, represented the 
interest the money advanced for construction the project. 
The cost, exclusive interest during construction, allocable 
reclamation, should repaid, without interest, the Treasury 
the United States within period years after the end 
development period. Such payments should made annually, but 
need not necessarily equal amounts. The total obligation 
could paid any time, the basis the present worth the 
deferred with interest computed the long-term loan 
rate currently being paid the Federal Government. 

All Federal investments allocable navitation, flood control, 
for fish and wildlife protection established reimbursable 
should repaid the Treasury the United States within 
years completion the project. Such payments should 
made annually but need not necessarily equal The 
total obligation could paid any time, the basis the 
present worth the deferred payments with interest computed 
the long-term loan rate currently being paid the Federal 
Government, 

Upon proposals acceptable Congress, the States, local agencies, 
interstate agencies should authorized purchase and ac- 
quire water resource projects under construction completed. 
Each proposal should carry complete information concerning the 
project sought order that the Congress can determine the 
proposed acquisition local agencies, State group 
States, proper and the public interest. All such acquisitions 

order facilitate (k), (1) and (m) above, upon proper authoriza- 
tion, loans should made available for local agencies, States, 
properly created interstate agencies. 

The Task Group recognized that the present division responsibility for 
water resource development among number governmental agencies leads 
overlapping authority with jurisdictional disputes and water resource 
developments which each agency has carefully hacked out niche for itself 
the project plan, 

Water resource development compromise conflicting interests. 
Thus conflict can expected all phases water resource development, 
and there reasonable distribution strength among conflicting 
interests, each should associated with its own agency and pressure group. 
this manner, conflicts are the open and can 
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The Task Group considers important, with multiple agency responsi- 
bilities, that beneficiary water resource development given any un- 
due advantage with respect another. The adoption the policy suggestions 
herein submitted would accomplish this purpose. But essential that the 
public protected against collusion among agencies and beneficiaries. This 
could done through the establishment board coordination and re- 
view. 


Board Coordination and Review 


The general responsibilities the board coordination and review would 
follows: 

responsible for the coordination planning water resource develop- 
ment Federal agencies and State, interstate and local agencies 
participating works having partial Federal responsibility. 

Encourage negotiation interstate compacts under which planning for 
the development water resources river basins sould initiated 
and directed. The appointment Federal representatives compact 
commissions should made from among persons recommended the 
Board. 

Encourage coordination the work Federal and State agencies the 
collection and dissemination basic hydrologic data. 

Evaluate the adequacy data supporting projects proposed for con- 
struction Federal agencies and Federal-State agencies when 
Federal funds are involved. 

Evaluate the feasibility water development proposals where Federal 
funds are involved and evaluate such proposals with respect their 
State, regional, and national implications. 

responsible for application uniform formulae for cost-benefit 
ratios, cost allocations, and reimbursable and non-reimbursable divi- 
sions costs. 

Where Federal funds are involved, provide for such field surveys and 
research required effect adequate evaluation projects, utilizing 
local and State agencies where available and appropriate Federal agen- 
cies whenever required, 

Where Federal funds are involved, recommend the Congress 
allocation participation planning and financing projects con- 
sistent with the respective responsibilities local, State, interstate, 
and Federal agencies. 

Recommend the Congress the appropriate Federal agencies under- 
take the design, construction, and operation and maintenance projects 
major Federal responsibility. 

10) Periodically review authorized projects and inform the President and 
the Congress progress, compliance with approved plans, cost and 
performance. 

11) Periodically review authorized projects and, where construction has 
not been started, recommend the President and the Congress those 
projects which should deauthorized. 

There was, perhaps naturally, some difference opinion the overall 
Task Force how new policy would coordinated and 
majority favored strengthening and expanding the present interagency Com- 
mittee with Water Resources Board which would act perform all neces- 
sary coordinating and establish the Bureau the Budget new Board 
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Review for Water Projects. The printed reports the Task Groups and the 
Task Force will reveal all the detailed arguments support the several 
recommendations and these will available due time. What the Com- 
mission will with the recommendations have means knowing, 
course, the present 

All the circumstances being what they are, would expected give 
some attention specific project two the present picture reclama- 
tion and power production. The Bureau Reclamation, its own promotion 
and without benefit established fundamental law, has developed into 
agency primarily concerned with the production electric power rather than 
the irrigation arid lands. Inasmuch most the really good irrigation 
projects available for development have been constructed are underway, 
the Bureau has adopted policy building huge power projects the earnings 
which can utilized subsidize the marginal irrigation possibilities 
which remain, 

Consider pending proposal, that the Colorado River Storage Project. 
Here the program build four six large dams for power generation 
and supply irrigation water 300,000 acres new land and supplementary 
water 470,000 acres now private ownership and cultivation. The hydro- 
power costs would the highest the nation. 

The average irrigation construction cost would approximately $1,000 
per acre and the Bureau Reclamation unit reports set out that the lands 
are restricted reasons elevation, climate, soil conditions, etc. the 
raising chiefly forage crops for livestock operations. Such lands that 
part the country could not built up, regardless the amount water 
available, value more than $150 per acre the market. The water 
user would required pay less than per cent the construction costs 
and power would pay the balance, without interest. 

Operating unbalanced budget, the Federal treasury would have 
borrow the money build this project. would have pay 2-1/2 per cent 
interest the funds. simple compounded rates, which the method used 
the Treasury and the Bureau figuring such matters, the taxpayers 
the country would called upon pay interest amounting $3,000 per 
acre this project. should consider that the land would worth 
sale $150 per acre and place this the direct benefit, and then for the sake 
liberality grant that the indirect benefit would equal amount, thus 
fixing value the land the overall general economy $300 per acre, 
will seen that the average subsidy would amount $2700 per acre 
interest alone. 

Now would like direct your attention briefly another project, this 
construction, the Oahe, the Missouri River South Dakota. This was 
originally conceived the Bureau Reclamation irrigation project 
provide water for 750,000 acres land the northeastern part that 
state. the 1944 agreement with the Corps Engineers was taken over 
the Corps the name flood control, The cost was estimated originally 
$50,000,000. The Corps discarded the plans the Bureau, moved the 
location the dam the river several miles and came with estimated 
cost $75,000,000. The last figure saw placed the cost over 
$300,000 ,000. 

From the beginning the feasibility this project was challenged 
numerous informed citizens South Dakota. The protests were ignored and 
the dam placed under construction. insistent were some these people, 
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however, that last fall the Secretary the Interior appointed special panel 
three engineers not government employ study all aspects the 
project. That committee has reported but its findings have not been made 
public for reasons not apparent the can reveal, however, 
that the report states 250,000 acres the lands proposed irrigated 

are not feasible for irrigation and accordingly should thrown out the 
project. most the balance the land recommended that drainage 
works installed simultaneously with irrigation construction. Members 
the panel differed their views how far apart the drains would have 
placed, one contending they would have built lines 200 feet apart 
and the others voicing beliefs that perhaps they could suffice built 400 
500 feet apart. any case, you gentlemen will recognize that these drain- 
age works were installed along with the irrigation features, the construction 
costs would unquestionably very, very greatly increased, perhaps doubled, 
more, 

There will available for study the printed report our Task Group 
tabulation giving complete information estimated and actual costs, 
estimated and actual acreages irrigated and whole host other figures 
having with the whole Reclamation program since its inception 1902. 
hope wide use this will made reveals some amazing information. 

conclusion, wish discuss two three points raised recent 
statement circulated the Commissioner Reclamation and rather widely 
published, this taking issue with some criticisms recently advanced the 
speaker and others regarding the Colorado River Storage Project. 

The chief point asserted was that directing attention the glaring 
divergencies between original estimates costs approved the Congress 
the time authorization and final costs, the critics ignored the greatly 
increased costs construction, The answer this the Bureau’s own 

1952 the Bureau celebrated its “Golden Jubilee.” the summer 
that year there was meeting regional employees Cody, Wyoming. 
that meeting paper was read consultant the Bureau which these 
divergencies were analyzed and discussed. careful study, according 
this authority, revealed that per cent the increased costs were due 
additional engineering and administration charges, per cent post- 
authorization changes design and function and only per cent increased 
construction costs. 

Another argument advanced the Commissioner’s statement that huge 
subsidies for irrigation projects are justified reason the creation 
new wealth and the additions the rolls new Federal taxpayers, the 
distinct reaction the writer that this valid reason for subsidies, 
then the argument must carried logical conclusion. Any successful 
new enterprise creates added wealth and brings into being new taxpayers. 

are subsidize enterprise that score, then must consider 
consistent the subsidization new oil refineries, new copper mines, new 
shoe factories. 

Then there the assertion should build these projects because they 
largely pay for themselves, whereas build flood control and navigation 
works which are The fact that reclamation, itself, 
does not pay. study quoted the Task Force report cites Bureau 
Reclamation figures indicate that water users are expected pay only 
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per cent per cent the costs allocated irrigation recently 
posed projects. Records repayment disclose that will take 300 400 
years for some projects repay such charges. Likewise, evidence that 
many flood control and navigation projects are worth building just not 

found Federal records. Hoover Commission Task Force Water 
Resources and Power strongly contends that all beneficiaries water 
development projects should shoulder consistent shares the costs. 
Congress will agree and enact the proper laws require this, certain 
that day night there will far fewer pork-barrel authorizations 
thereafter and the taxpayers the nation will greatly relieved indeed. 

But consider for moment the implications this argument concerning 
the repayment the cost irrigation. given project costs for construc- 
tion $1,000 per acre and the resultant value the general economy 300 
per acre, then clear someone has lost $700 per acre. doesn’t make 
any difference whether the cost paid the water user, the power pur- 
chaser the general taxpayer, the thing paid for has cost more than 
worth all circumstances, then the difference between cost and value has 
been lost the economy the nation. can draw other logical conclusion. 
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WATER RESOURCES AND POWER STUDIES, TASK FORCE, 
HOOVER COMMISSION: FLOOD CONTROL! 


FOREWORD 


This paper one group five concerned with various phases the 
work the Water Resources and Power Task Force the Hoover Commis- 
sion. All were presented the June 15, 1955, meeting the ASCE St. 
Louis. 

The specific function the Hoover Commission was study and report 
Congress ways and means promoting economy, efficiency and improved 
service the transaction the public business the Executive Branch 
the Government. Work the Commission was implemented thirteen Task 
Forces, one which was the Task Force Water Resources and Power. 
Work this Task Force was divided among four Task Groups assigned the 
following fields: 


Power generation and distribution 
Reclamation and water supply 

Flood 

Navigation 


The five papers presented include four the Chairmen these Task 
Groups covering work their particular groups and one Admiral Moreell, 
Chairman the Task Force. The first these papers, “Organization and 
Scope; Conclusions and Recommendations,” Paper 897) Ben 
Moreell, Hon, ASCE, explains the organization and scope the Task 
Force and presents his personal conclusions and recommendations. John 
Jirgal his paper, “Power Generation and Distribution,” (Proc. Paper 898) 
cites the fact that 1933 the Federal Government owned less than the 
total electric capacity the United States; 1953 the proportion 
was 1/2% and 1960, the present rate, will 16%. The necessity 
conserving the water supply and developing overall Federal water policy 
stressed “Reclamation and Water Supply” (Proc. Paper 899) Leslie 


Note: Discussion open until June 1956. Paper 900 part the copyrighted Journal 
the Power Division the American Society Civil Engineers, Vol. 82, 
February 1956. 

Paper presented St. Louis meeting American Society Civil Engi- 

neers, Power Division, June 15, 1955. 
Cons. Eng., Horner Shifrin, St. Louis, Mo. 
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Miller. “Flood Control” (Proc. Paper 900) Horner, ASCE, 
reviews the number and cost presently constructed authorized, and 
future probable, flood-control projects. “Improvements Navigation” (Proc. 
Paper 901) Carey Brown, ASCE, the last the papers; con- 
cluded therein that many navigational improvements now under consideration 
recommended are dubious economic value. 

Since the Task Force Report had not yet been released the authors were 
unable summarize the report itself disclose its conclusions and rec- 
ommendations. They were, however, able outline these papers facts 
found the public records and problems presented these facts. Neces- 
sarily all opinions and conclusions are those the individual authors. 


SYNOPSIS 


summary, the authorized flood control program has involved 1033 proj- 
ects, with estimated cost over $11 billion. Looking beyond the author- 
ized program the Corps Engineers 1948 made forecast ultimate 
flood control which might cost much $25 billion. addition the Depart- 
ment Agriculture contemplating projects which could involve ultimate 
capital expense $17 billion. 

Report the Chief Engineers for 1951 showed that the estimated Fed- 
eral cost Corps flood control projects which would substantially com- 
pleted July 1952 amounted little more than billion and local in- 
terests were expected contribute only about 5.8 per cent that amount. 
Data furnished the Task Force showed that local direct beneficiaries pay 
even smaller percentage the construction costs headwater flood dams 
built the Department Agriculture. 

Normally Congress authorizes flood control projects receipt re- 
port from the administrative agency showing that benefits accrue appreci- 
ably exceed the cost. some instances, however, Congress has authorized 
projects without requesting report costs and benefits. Further, occa- 
sions the project constructed wide variance with the one authorized 
Congress. 

The 1936 Flood Control Act, upon which Federal flood control construction 
based, set policy that all flood control projects should add the 
National Wealth; that benefits created should exceed the wealth diverted 
construction cost, but Congress failed make any specific provision for de- 
termination either cost benefits. Thus the burden determination 
both cost and benefit falls the construction agencies who have been forced 
develop their own procedures. result there wide variance between 
different agencies benefits accruing the same flood plain and gener- 
ally stated benefits seem unrealistically high. has been found occasions 
that benefits were claimed for project after these same benefits had been 
fully credited other projects. 


Floods take tremendous annual toll lives and property destruction, 
and the Nation has poured vast sums money into measures prevent 
their recurrence lessen their harmful effects. 

But has this money been spent wisely? Have got the best flood control 
for the least money? The Task Group Flood Control has examined the 
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flood control activities the Federal Government from the standpoints 
policy, administration, and organization order provide answers these 
questions. 

Since the Commission has not yet released the Task Force report, 
not possible this time present and discuss its conclusions. can, how- 
ever, discuss the procedures employed the Task Group, some the fac- 
tual data which accumulated, and present some personal comments with re- 
spect it. 

Members this Task Group, addition participating the meetings 
and hearings the Task Force, whole, had separate conferences with 
the Chief Engineers and his staff and with the Assistant Secretary Agri- 
culture, also met with division and district engineers several parts 
the country, received presentations from them, and visited work under con- 
struction. also had extensive meeting and inspection trip with engineers 
and officials the Soil Conservation Service Texas where the upstream 
flood control program well under way. held numerous conferences with 
state officials having responsibility the water field. Both the Corps 
Engineers and the Department Agriculture officials made formal presenta- 
tion their programs and procedures before the Task Force whole. 
addition the material voluntarily presented these agencies, the Task 
Group requested additional data and supplementary statements. would par- 
ticularly like compliment the Office the Chief Engineers its com- 
pliance with requests for additional specific information, much this involv- 
ing tedious compilations from records division and district offices. 

The Task Group was given adequate and expert staff, and addition, 
was permitted call consultants particular matters, some which in- 
volved detailed examination procedures the field. 

Before discussing the flood control program detail, might well 
have some perspective the program size. The Office the Chief Engi- 
neers prepared compilations the projects authorized Congress, begin- 
ning with the Flood Control Act 1936, but including also the Lower Missis- 
sippi Project. summary, the authorized flood control program has in- 
volved 1,033 projects, with estimated cost over billion dollars. 
the beginning this year, four hundred and twenty-three had been completed 
were under construction, with up-to-date cost estimate five and 
three-fourths billion. This leaves backlog six hundred projects, now 
estimated cost about five and one-half billion, which have been authorized, 
but not started. Chief Engineers has now classified 390 these proj- 
ects active and ready for construction with round estimate about three 
and one-half billion, and 310 projects estimated over one billion inac- 
tive deferred for further study. would appear that Congress continues 
appropriations about the rate which has recently been current, will take 
something like twelve years complete the active program for which Con- 
gress has made the Corps Engineers responsible. 

Looking beyond the presently authorized program, the Corps Engineers 
1948 made forecast ultimate flood control which Senator Malone intro- 
duced the Congressional Record. When the estimated ultimate cost 
flood protection set out therein has been transformed current prices, 
and proportionate allowance made for other features which would in- 
volved the multipurpose projects such program, arrive possi- 
ble capital cost billion, about two and one-half times the program 
presently authorized. 
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The 1936 Act provided that certain upstream work would assigned 
the Department Agriculture. Under this provision, Congress has author- 
ized projects estimated $175,000,000. 1954, Congress passed the 
Watershed Protection and Flood Prevention Act, which took the Department 
Agriculture out from under the provisions the Flood Control Acts, and 
instead give independent responsibility proceed with upstream pro- 
gram. the basis need for upstream watershed work foreseen the 
National Association Soil Conservation Districts, and using current costs, 
has been estimated the staff that this program could involve ultimate 
capital expenditure about seventeen billion dollars. 

should further noted that neither the prospective program under the 
Corps Engineers, nor the seventeen billion under the Department Agri- 
culture represent the real economic cost. These are only the initial capital 
outlay. these are transformed into values covering interest and amortiza- 
tion, the total sum approaches sixty-five billion dollars, the equivalent 
nearly one fourth the national debt. 

have idea that any such program ever will carried out. Undoubted- 
ly, many the units could not economically justified, but even heavily 
discounted this way, there still potential expenditure the order 
fifty billion dollars. 


Who Pays the Bill? 


The report the Chief Engineers for 1951 showed that the estimated 
Federal cost Corps flood control projects which would substantially 
completed July 1952 amounted little more than three billion dollars, 
and local interests were expected contribute only about 5.8 per cent that 
amount. Data furnished the Task Force showed clearly that local direct 
beneficiaries pay even smaller percentage the construction costs 
headwater flood dams built the Department Agriculture. 

summarize this point, clear that have flood control pro- 
gram involving tremendous cost, paid for almost entirely the Federal tax- 
payers, with the actual beneficiaries making more than token contribu- 
tion even though the present time, the beneficiaries would financially 
capable paying substantial parts the cost. view this, the Task 
Group found desirable investigate the background from which this situa- 
tion has developed, and made detailed review that end. 

The 1936 Act stated for the first time that the Federal Government 
assumed the responsibility for the abatement flood damages anywhere 
the United States; that the Federal taxpayers would pay the cost, except for 
nominal percentage covering rights-of-way, easements, and some cases, 
operation; and that projects would undertaken whenever the benefits 
whomever they accrued exceeded the cost. 

The record shows that the Act was passed under what appears al- 
most hysterical conditions related devastating damages certain major 
cities out the floods the middle thirties, the recognition the de- 
pression situation, when most the cities were the verge insolvency, 
and the need for work relief program. None these factors are operative 
today. Yet the policies which they brought into being are still effect. This 
striking illustration the fact often stated students bureaucracy 
that government programs and policies, once initiated, rarely recede from 
their high-water mark; even when the causes which gave rise them have 
disappeared. 
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The act was strongly opposed some the more conservative members 
Congress, and the then Chief Engineers, General Markham, insisted 
that the Federal Government should not pay the entire cost. The late Senator 
Vandenburg stated the course the debate: 


not overlooked that this the first time 150 years 
American history when has been proposed assert that floods upon 
practically all the rivers the United States constitute menace na- 
tional welfare and are Federal responsibility 
The human imagination can hardly encompass the total extent the bur- 
den and responsibility which thus laid the door the Treasury the 
United States the adoption this policy.” 


Agencies the Federal Government plan, build and sometimes even con- 
tribute the maintenance and operation minor works purely local 
intrastate utility. cite some specific examples: Congress authorized the 
Bureau Reclamation construct the Sanford Reservoir the Canadian 
River provide source municipal water supply for the City Amarillo, 
Texas, and nearby communities. Congress authorized the Corps Engi- 
neers provide relief from “serious basement flooding” problem confront- 
ing ten communities adjacent Detroit Oakland County, Michigan. And 
the Soil Conservation Service has, many parts the country, constructed 
headwater reservoirs, Federal expense, protect from flood damage, 
bottomland areas such limited extent that the bulk the benefits accrue 
very few farmers, sometimes single owner. 

summarize again this point, would seem that after twenty years 
experience with the 1936 Act and its amendments, the time has come when 
the Congress, with reasonable consideration the Federal taxpayers, should 
take new and objective look the whole question Federal flood control 
responsibility. opinion, the national policy should restated re- 
strict the program major projects national significance, and require 
the direct beneficiary agree pay substantial part the cost. 


Legislation and Administration 


The record shows that general Congress authorizes flood control proj- 
ects receipt report from the administrative agency showing that the 
benefits accrue appreciably exceed the cost. However, Congress itself 
guilty spectacular violation this procedure, certain instances, having 
authorized projects without even requesting report costs and benefits. 
This true, for example, the Los Angeles flood control program, and 
some thirty large reservoirs which Congress authorized the Flood Con- 
trol Act 1938, without waiting for the Corps Engineers determine 
their economic justification. 

The authorizing legislation also very broad character, generally 
covering project which has been reported upon, but “with such modifica- 
tions the Chief Engineers may find desirable.” 

This language has thrown the agencies unreasonable requirement for 
administrative decision. For example, the Chief Engineers may find and 
has found desirable, instead one authorized reservoir, substitute 
three different locations, different costs, and possibly with appreciably 
different benefits. Under such circumstances, some instances, the agen- 
cies have presented new report Congress; but under other conditions, 
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have decided proceed under the original authority. would certainly ap- 
pear that legislation should more definite and final. 

Upon occasion the difference between what the Congress authorized and 
what the Federal agency actually did was great that seemed constitute 
deliberate disregard the law. striking example afforded the op- 
erations the Department Agriculture under the Flood Control Acts. The 
1944 Act authorized the Department carry out, eleven river basins, pro- 
grams made soil conservation, forestry and other land-treatment 
measures. The funds appropriated under this legislative authority were, 
however, largely used construct headwater reservoirs and other engineer- 
ing works not included the authorized programs. Several years later Con- 
gress was persuaded legalize this substitution engineering for 
agricultural program, but the fact remains that the interim the law had 
been almost completely disregarded. 


Economic Justification 


The 1936 Act set the policy that all flood control projects should add 
the national wealth; that is, the benefits created should exceed the wealth di- 
verted construction cost, but the Congress failed make any specific pro- 
vision for the determination either cost benefits. This, effect, 
placed the burden such determination the construction agencies. 
These agencies would normally expected expert estimating costs, 
but would not normally qualified appraise benefits. They have, however, 
been forced develop their own procedures the latter matter. 


Estimate Cost 


Committees Congress, from time time, have complained that costs 
have been underestimated, particularly the Corps Engineers. The Ap- 
propriations Committee the House 1951 found that for 182 projects, the 
ccst estimated the time authorization had increased over three bil- 
lion dollars, about two and one-fourth times the original estimate. The 
Corps Engineers has pointed out that the greater part this increase 
could attributed inflation. The Task Group restudied this matter, and 
agreed this conclusion, but still found that the cost had otherwise been in- 
creased about twenty-five per cent, enough, for many projects upset the 
original finding economic justification. 

glad able report that this matter related projects the 
early part the program, and that recent years, authorization estimates 
appear have been liberal. 


Method Appraisal Benefits 


The Task Group studies showed quite unsatisfactory situation, particu- 
larly where appraised benefits rested estimated damages the agricul- 
tural lands; here the methods employed appeared quite generally produce 
stated benefits that seemed unrealistically high. was reported the Task 
Group, that for the same flood plain, such benefits had been separately ap- 
praised the Corps Engineers and the Soil Conservation Service, with 
variations between the two much one hundred per cent either di- 
rection, but the average, the estimates Soil Conservation Service were 
the order four times high those the Corps. 


a 
2 
4 
a 
ix 


Paper 900 HORNER 


One expert reached the conclusion that the estimates both agencies 
were generally inflated such degree that economic valuations had be- 
come virtually meaningless. 

The Task Group also found instances apparent blind spots where the 
agency applying its own formula continued apply after benefits already 
had been fully credited other projects. examination one group 
twenty-six reservoirs indicated that twenty these could not have been re- 
ported economically justified such benefits had not been applied; but 
they were reported and were authorized Congress. 

From such instances, might indicated that Congress should provide 
for independent appraisal benefits particularly qualified groups, and 
might well also have independent review the findings prior author- 
ization. 

Factual data available the Group indicated several other cases what 
appeared unsatisfactory procedure. These covered such matters 
failure consider lower cost alternative solutions flood problems, un- 
satisfactory scheduling project construction, and some instances, over- 
expensive project design. 

Another matter that would seem justify considerable concern the de- 
velopment within the Department Agriculture large new engineering 
organization handle the design and construction so-called upstream 
reservoirs, many which are considerable size. There had been much 
controversy the past with regard the overlapping and inefficiency the 
work the Bureau Reclamation and the Corps Engineers, both handling 
large dams. There would seem serious question whether Congress 
should provide for three large engineering organizations the same general 
field. 

Time does not permit mention many other matters that came before the 
Group, and regret very much that are not permitted discuss this sub- 
ject terms conclusions and recommendations. hoping, however, 
that the factual data and the comments have been able offer will give 
some background for further study the report when available. 
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WATER RESOURCES AND POWER STUDIES, TASK FORCE, 
HOOVER COMMISSION: IMPROVEMENTS NAVIGATION! 


Carey Brown,2 ASCE 
(Proc. Paper 901) 


FOREWORD 


This paper one group five concerned with various phases the 
work the Water Resources and Power Task Force the Hoover Commis- 
sion. All were presented the June 15, 1955, meeting the ASCE St. 
Louis. 

The specific function the Hoover Commission was study and report 
Congress ways and means promoting economy, efficiency and improved 
service the transaction the public business the Executive Branch 
the Government. Work the Commission was implemented thirteen Task 
Forces, one which was the Task Force Water Resources and Power. 
Work this Task Force was divided among four Task Groups assigned the 
following fields: 


Power generation and distribution 
Reclamation and water supply 

Flood Control 

Navigation 


The five papers presented include four the Chairmen these Task 
Groups covering work their particular groups and one Admiral Moreell, 
Chairman the Task Force. The first these papers, “Organization and 
Scope; Conclusions and Recommendations,” (Proc. Paper 897) Ben 
Moreell, Hon, ASCE, explains the organization and scope the Task 
Force and presents his personal conclusions and recommendations. John 
Jirgal his paper, “Power Generation and Distribution,” (Proc. Paper 898) 
cites the fact that 1933 the Federal Government owned less than the 
total electric generating capacity the United States; 1953 the proportion 
was 1/2% and 1960, the present rate, will 16%. The necessity 
conserving the water supply and developing overall Federal water 


Note: Discussion open until June 1956. Paper part the copyrighted Journal 
the Power Division the American Society Civil Engineers, Vol. 82, 
February, 1956. 

Paper presented St. Louis meeting the American Society Civil En- 

gineers, Power Division, June 15, 1955. 
Formerly Manager, Eng. Mfg. Services, Kodak Park Works, Eastman 
Kokak Co., Rochester, New York (now retired). 
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policy stressed “Reclamation and Water Supply” (Proc. Paper 899) 
Leslie Miller. “Flood Control” (Proc. Paper 900) Horner, 
ASCE, reviews the number and cost presently constructed authorized, 
and future probable, flood-control projects. “Improvements Navigation” 
(Proc. Paper 901) Carey Brown, ASCE, the last the papers; 
concluded therein that many navigational improvements now under consid- 
eration recommended are dubious economic value. 

Since the Task Force Report had not yet been released the authors were 
unable summarize the report disclose its conclusions and rec- 
ommendations. They were, however, able outline these papers facts 
found the public records and problems presented these facts. Neces- 
Sarily all opinions and conclusions are those the individual authors. 


SYNOPSIS 


Many navigational improvements currently recommended are “fringe” 
projects dubious economic worth, having little general even regional 
worth. Money being spent local projects backed promotional organi- 
zations thus diverting money from more worthy projects. 

Two basic issues: Who pay for the improved waterways which are 
provided public expense for the benefit shippers and carriers who use 
them; and what type service the part these users should the public 
rightfully expect? 

present time almost all river and harbor improvements are provided 
and operated exclusively the Federal Government. cases where such 
projects are local significance seems that financial responsibility for 
construction and maintenance should rest with the localities and the individu- 
als receiving benefits. This has not been the case; local contributions, except 
for grants rights-of-way, spoil disposal areas, adjustments local high- 
way and drainage facilities, and the like, have amounted only about per 
cent the total cost river and harbor projects. 

date Federal Government has spent $4.5 billion improve, operate 
and maintain its navigation system and current estimates future cost 
authorized projects exceed additional $4.5 billion. Annual maintenance 
cost existing system $85 million. 

Inland waterways which have proved outstanding economic value the 
country, are those which carry large quantities coal, iron ore, iron and 
steel products, petroleum and grain. Harbor developments ports which 
have extensive rail, highway, waterway and pipeline connections with large 
productive regions are worthy Federal support. 

Where either inland harbor developments benefit only small local 
area where they are (as happens times) planned with the object se- 
curing lower railroad freight rates Federal expenditure justified. 

Another regretable tendency allocation navigation disporportion- 
ate share the cost multiple purpose projects. 


Whenever Congress, beset with the difficult problem providing enough 
money for national defense and for other essential functions government, 
finds funds can divert water conservation measures, still con- 
fronted with the necessity selecting limited number from long list 
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recommended the executive agencies responsible for flood control, recla- 
mation, power development, and improvements navigation. 

Current procedures governing those recommendations frequently overlook 
the paramount public interest and lead economic waste. substantial 
number navigational improvements currently recommended are obviously 
*fringe” projects dubious economic value, having little general even 
regional worth. 

the water conservation and development program forward, 
should attempts continued distribute projects among many Congres- 
sional districts possible? Should scarce funds devoted worthy coast- 
harbors, the Gulf Intracoastal Canal, the Mississippi-Ohio inland waterway 
system, and other waters recognized economic value, should they 
more less obscure local projects little general significance, because 
strong cumulative pressures promotional organizations? 

All recognize the wisdom developing and protecting the truly in- 
dispensable water resources this country, but resent the expenditure 
our money worthless enterprises. Too much being spent projects 
minor utility; too much projects inspired local self-interest; too much 
particular navigation projects that lack both economic justification and 
national significance; too much maintain obsolete and useless works; and 
too much make navigable great costs streams which their natural 
state are not and never have been navigable, and which are not likely make 
substantial contribution transportation. 

the planning, financing, construction, and operation the inland naviga- 
tion program, the cardinal principles and stated requirements the national 
transportation policy, expressed Congress the Transportation Act 
1940, have been flouted the advantage the water carriers and shippers, 
generally the disadvantage other forms transportation, and probably 
also the detriment other shippers. 

The present practice bestowing subsidized facilities carries such ap- 
pealing advantages favored other potential recipients are 
encouraged press for extensions and enlargements the existing system 
with little regard for the general economic effect. 

The basic issues are two: Who pay for the improved waterways 
which are provided public expense for the benefit shippers and carriers 
who use them; and what type service the part these users should the 
public rightfully expect? 

The party with the dominant interest the taxpaying public. The facts, 
the contentions, and the justice the case must examined this indis- 
putable premise. reasonable expect the American public put out 
vast sums each year provide free improved inland waterways used 
limited number shippers and carriers for their own profit without any 
reimbursement the Federal Government? 

Under this present policy, almost all river and harbor improvements are 
provided and operated exclusively the expense the Federal Government. 
Many navigation projects now use and many more that are being consid- 
ered for authorization appropriation, are largely, not altogether, local 
their utility. large share financial responsibility, not only for the con- 
struction, but also for maintenance and operation these projects, should 
obviously rest with the localities and the individuals receiving the benefits, 
rather than the general taxpayers, most whom realize advantage 
from the improvements. But the contribution from State and local sources, 
except for grants rights-of-ways, spoil disposal areas, adjustment local 
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highway and drainage facilities, and the like, has amounted only about two 
percent the total cost river and harbor projects. 

This policy has led the authorization many projects questionable 
economic merit, which all probability would not have been undertaken had 
the local promoters been required back their exaggerated claims with 
cash. The preponderantly local significance many navigation projects 
ommended Congress the Corps Engineers, aptly illustrated the 
Rivers and Harbors Bill introduced the House Representatives May 
12, 1954. 

The most pervasive the causes unhealthy decline the vitality 
State and local governments the crystallization the idea that the Federal 
Government Washington should provide the money satisfy any and every 
local need and desire. evident that local concern the economic 
soundness any project program diminishes proportion the decrease 
local responsibility for its financing. Rather unaccountably this true 
even those areas where contributions Federal revenues exceed the re- 
ceipts therefrom. The water resources conservation and development pro- 
gram conspicuous example this condition and therefore presents 
opportunity reverse bad principle and dangerous practice. 

The Federal Government has already spent more than $4.5 billion im- 
prove, operate and maintain its navigation system, including 286 coastal 
harbors, 131 Great Lakes harbors and channels, the intracoastal canals, and 
numerous rivers. The navigable waterways the United States, the term 
“navigable” used legal parlance, are estimated 60,000 miles 
length, which 28,400 miles have been authorized for improvement, and 
22,500 miles have actually been improved for navigation. 

The current estimate the future cost completing authorized navigation 
projects exceeds additional $4.5 billion. More billions will undoubtedly 
required within the next few decades take care 
and improvements. The annual maintenance costs the existing system now 
exceed $85 million and may expected grow steadily the system ex- 
tended. 

The more important coastal and Great Lakes ports and channels, the Gulf 
coastal canal, and the Mississippi, Ohio, Monongahela, and River 
systems provide water transportation for vast amount commerce, and, 
with limited number other waterways, have proved have outstanding 
economic value for the country. The inland waterways that have given im- 
pressive demonstration economic utility are those which carry large 
quantities coal, iron ore, iron and steel products, petroleum, and grain. 
Streams which not develop large volume traffic those commodities 
not rule sustain favorable benefit-cost ratio for navigation improve- 
ments. 

Harbor developments also vary widely their economic soundness and 
importance the national welfare. Ports which have extensive and efficient 
rail, highway, waterway, and pipeline connections with large productive 
regions evidently merit large degree Federal support. But many harbor 
projects serve restricted territories, and many cases the tributary areas 
overlap extensively and compete for the same maritime traffic. Many small 
fishing and recreational harbors improved Federal expense are purely 
local character and serve useful national regional purpose. 

All but small percentage the carriers inland streams are private 
and contract carriers, relatively few which are subject regulation 
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the Interstate Commerce Commission. inland water carrier assumes the 
obligation common carrier, that term applied railroads and 
truck lines. The general public cannot get its goods shipped these inland 
waters, and only limited number shippers, mainly industries situated 
near these improved waters, enjoy the benefits Federal expenditures 
for such improvements. altogether possible that the carriers inland 
waters could not maintain their present low charges for transportation they 
were required serve the public common carriers the same compre- 
hensive manner are the railroads. The public’s money being spent 
provide navigation channels for carriers which not recognize obligation 
serve the general public. 

substantial number projects are being operated without real advan- 
tage the commerce the country, and with the Federal Government ab- 
sorbing the cost. satisfactory inventory all such uneconomic projects, 
with the history their performance, available, but many them have 
been identified various reports the Corps Engineers. There 
effective machinery for closing down navigation projects which are admit- 
tedly not worth maintaining. Until recently, provision had been made for 
full regular audits the navigation projects maintained Federal ex- 
pense. private business could safely operate without accurate system 
accounting. 

far back 1927, the Corps Engineers listed 131 projects which had 
either outlived their usefulness had failed develop volume traffic 
sufficient justify their continued maintenance, and recommended their 
abandonment. date Contress had taken action this recommendation. 

Federal navigation projects have brought added expense State and local 
governments reason bridge clearances and other conditions which their 
construction imposes. 

One reason navigation interests are able get much money for unde- 
serving projects that public power advocates and those favoring flood con- 
trol seek charge off navigation substantial portions the costs such 
projects. 

The Corps Engineers has relied greater lesser extent “in- 
“collateral”, and “social” benefits support recommendations for 
navigation has also relied these undefined and indefinable 
yardsticks recommendations for the continuation navigation proj- 
ects little value. 

Adequate user charges would long way correct most these un- 
satisfactory conditions. With user charges, navigation expenditures would 
investments rather than expenses; discrimination between different forms 
transportation would mitigated not entirely eliminated; and uneconomic 
projects would stand little chance approval. The charges should ade- 
quate reimburse the Federal Government least for the cost main- 
taining and operating existing improvements. also advocated that 
charges sufficient retire the capital costs new undertakings the field 
navigation improvement borne those directly benefited. 

Navigation projects are times promoted local interests with the 
avowed object securing lower railroad freight rates. The financing un- 
sound navigation projects promote hydroelectric, irrigation flood con- 
trol projects also wasteful. axiomatic that navigation project 
undertaken unless can justified for that purpose. The opportunity al- 
locate navigation portion the costs multiple-purpose project 
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holds out those interested power temptation charge too large por- 
tion the costs navigation and thereby lay the foundation for cheaper 
power. The allocation per cent the costs the Columbia River be- 
tween Portland and the Dalles such instance. other instances, ex- 
cessive allocations have been made control, the case the 
Southwestern Power Administration, the end that Power might sold 
less than cost. 

Reclamation, flood control, and power projects, single combination, 
should stand fall their own merits, and should not propped 
economically feeble navigation feature merely because provides “free 
money ride”. 

The over-zealous quest public money for works mainly local utility 
and doubtful merit the greatest single obstacle sound water resource 
development program. Apparently executive agency has been able re- 
sist these raids the Treasury. program consistent with the best inter- 
ests all the people cannot sustained until projects are subjected 
analysis independent agency endowed with broad, national vision and 
inspired determination place the general welfare above the claims 
subsidy -seeking groups, and above the ambitions any Federal agency. 

The second obstacle the natural competition among Federal agencies for 
funds, prestige, and power. These agencies have from time time recom- 
mended unsound projects. These projects have been appraised competing 
agencies whose judgment could well swayed desire enjoy the dis- 
tinction building and operating the projects. There obvious need 
examine and evaluate navigational projects their relation the whole 
economy and particularly from the point view the transportation system 
the country. 

interesting note that the search for brief and effective statement 
principle recommended guide for administration and develop- 
ment the navigation system disclosed such statement the declaration 
policy incorporated Congress the Transportation Act 1940. 
reads follows: 


“It hereby declared the national transportation policy the 
Congress provide for fair and impartial regulation all modes 
transportation,* administered recognize and preserve the in- 
herent advantages each; promote safe, adequate, economical and ef- 
ficient service and foster sound economic conditions transportation and 
among the several carriers; encourage the establishment and mainten- 
ance reasonable charges for services without unjust dis- 
criminations, undue preferences advantages, unfair destructive 
competitive practices; cooperate with the several State and the duly 
authorized officials thereof; and encourage fair wages and equitable 
working conditions—all the end developing, coordinating, and preserv- 
ing national transportation system water, highway, and rail, well 
other means, adequate meet the needs the commerce the United 
States, the Postal Service, and the National defense.” 


Application these sound principles our navigation system unfor- 
tunately lacking many respects. Steps insure such application are ur- 
gently needed. 
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Discussion 
“MODEL TESTS, ANALYTICAL COMPUTATION AND 
OBSERVATION ARCH DAM” 


and Ressurreicao Neto 
Paper 696) 


MERLIN COPEN.!—This paper reports one the very few available 
comparisons model and prototype studies deformations and stresses 
dam. The authors should complimented for their lengthy study 
and extensive research obtaining the data and preparing the material re- 
ported this paper. 

view the obviously careful and detailed efforts expended obtaining 
the reported material from the model and prototype, the question arises 
why these results were then compared with admittedly incomplete and ap- 
proximate trial-load stress analysis; “In the trial-load analysis only the radi- 
displacements were considered *.” The effects tangential shear and 
twist cannot disregarded unbiased comparison model and analytical 
methods made. Figure illustrates the radial displacement 
arch element the proposed Yellowtail Dam considering only radial deflec- 
tion agreement compared with the radial displacement including the effects 
tangential shear and twist. Table comparison arch stresses the 
crowns and abutments horizontal elements this same dam showing the 
effects tangential shear and twist. The effects tangential shear and twist 
stresses the crown cantilever are illustrated Table Since princi- 
pal stresses are not normally computed the basis radial displacements 
only, the effects them tangential shear and twist are not available. 

The authors further state that, first approach having led fairly high 
tensile stresses the base the cantilevers, more accurate analysis was 
carried out the assumption that the cantilevers cracked the base.” 
would interesting know how the extent cracking was determined since 
this requires rather definite knowledge the tensile stress necessary 
produce failure the concrete. Furthermore, shown Table II, the ef- 
fects tangential shear and twist often show reduction tensile stress 
such that assumption cracking would not necessary. 

The authors state: “In the United States the good performance Carlson 
Meters, together with better knowledge the properties concrete, en- 
abled further development the Bureau Reclamation, the time evolu- 
tion the stresses nine points the base Shasta Dam was computed 
from readings. Reliable stress measurements were also obtained 
Tennessee Valley Authority Norris, Hiwassee and Fontana Dams 
Carlson Meters. should noted, however, that all those investigations 
attempt was made analyze the stresses computation model test- 
ing.” The difficulties encountered foreign engineers obtaining 


Engr., Bureau Reclamation, Denver, Colo. 
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available published material the United States realized. somewhat 
surprising, however, that least the case Shasta Dam the authors were 
not acquainted with the extensive analytical stress studies which have been 
made. Reference made here only one study, but several design studies, 
based both the linear and nonlinear have been The 
results stress computation Norris the Bureau Reclama- 
tion, and stress analysis the TVA Hiwassee Dam(3) may also ob- 
tained. 

The last two paragraphs the paper say: “Seeing the high standard 
achieved model testing, accuracy, rapidity and economy, 
stated that, except for minor projects, model studies should carried out. 
The trial-load analysis can used, principle, with any shape and condi- 
tions foundation. However, the necessity for reducing costs and time re- 
quires simplifications the number arches and cantilevers and adjust- 
ments, which leads results unknown accuracy, especially with dams 
exhibiting dissymmetry, irregular foundation lines, heterogeneous founda- 
tions, shape singularities such cracks, bulky abutments, spillway openings 
and the like. 

The only way securing dependable information the practical use 
the analytical methods will systematically comparing their results 
with observations models and prototypes.” 

view the fact that the specific time and expenditure funds required 
for the model tests are not reported this paper, difficult understand 
the first part this conclusion. The paper does say: “The investigations 
were started 1947, their experimental part being completed 1951.” The paper 
later states: later detailed report will cover the whole series model 
tests carried out the laboratory during the last years.” These statements 
indicate considerable lapse time and expenditure funds. This makes 
the criticism the trial-load method the basis time and cost seem 
little unnecessary. The Bureau Reclamation with its available supply 
experience, knowledge and trained personnel has not found the time and ex- 
pense the trial-load analysis excessively high. the contrary the savings 
materials made possible use trial-load analysis design studies has 
made the cost the analysis become insignificant. use experience 
gained from numerous previous stress studies possible base designs 
dams greatly simplified trial-load studies, such simple adjustment 
radial displacements the crowns arches and crown cantilever. When 
design containing the most desirable features, both from structural and 
economical standpoint, has been determined, then detailed trial-load study 
made and any changes found necessary from its results are incorporated 
the final design the dam. 

should stressed that the greatest value derived from the trial-load 
method analysis not necessarily the final numerical values displace- 
ments and stresses obtained, but rather the determination comparative 
studies the most economical structure under given set conditions. 
Where the necessary design data are available the actual time required 
make complete trial-load study, including tangential shear and twist, varies 
from months depending the conditions encountered. Generally 
men, trained and thoroughly familiar with trial-load, are required for the 
work involved the analysis. 

With the use modern construction methods and grouting procedures the 
objection “irregular foundation lines” and “heterogeneous foundations” 
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may largely eliminated careful excavation and preparation the abut- 
ment and foundation area. But even these conditions are encountered 
doubtful the accuracy obtainable from small-scale models greater than 
that possible use trial-load procedures. studies completed the 
past large variety foundation conditions have been met and successfully 
included the analysis with very little additional time required. is, 
fact, safe say that any all the difficulties mentioned adding too 
much time and cost trial-load studies can and have been included analy- 
ses with little additional effort involved. “Shape singularities such cracks” 
may easily avoided careful design. this regard the use trial-load 
has some very definite advantages that through the use simplified meth- 
ods and the application experience and judgment, areas tension may 
reduced eliminated without detailed study any kind, 

might also stated defense the trial-load method that the applica- 
tion dynamic loads, such earthquake, and temperature variations 
easily included, while such loads are extremely difficult impossible 
handle with any degree accuracy models. The authors were fortunate 
having ideal condition where these loads did not create problem. 

The final paragraph extremely perplexing since the authors are ac- 
quainted with the “remarkable investigations carried out plaster and rub- 
ber models Hoover Dam.”(4) These investigations proved rather convinc- 
ingly the practical value trial-load and from these results would not 
appear that such comparisons would have any further value except for unusu- 
and difficult problems. 

Von Goriupp article Hierzmann Arch says: (as trans- 
lated) “As mentioned previously, only the analysis for the radial deflections 
were These results when compared with those had experiment 
can considered good agreement. The deflection and stress diagrams 
show both cases the same tendency and their numerical values give for 
comparisons such these very satisfactory correspondence.” 

view the very brief evidence presented this discussion, the ex- 
haustive model tests Hoover Dam, and actual measurements dams 
service the Bureau Reclamation, the conclusions arrived this pa- 
per regarding the trial-load method analysis seem unjustified. Per- 
haps more complete study with the aid more experience the use 
trial-load would value. 
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TABLE II--EFFECT TANGENTIAL SHEAR AND TWIST 
CROWN CANTILEVER STRESSES YELLOWTAIL DAM 


Effect 
Elevation Radial Complete Tang. Shear 


Dam Adjustment Adjustment and Twist 
135 


Note: All stresses are pounds per square inch. Tensile stresses are 
indicated negative sign. and are upstream and downstream 
faces cantilever. 


WARREN ASCE.—The Laboratério Nacional 
Engenharia Civil Portugal has been very fortunate have had the oppor- 
tunity collaborating with Direccao Geral dos Servicos Hydraulicos and 
with Hidro-Electrica the extensive investigation arch dam 
model tests, analytical computation, and observation. Such opportunity 
having model and prototype available for research indeed rare and the 
results obtained are enlightening. extremely thin arch dams, cracking 
the concrete develops frequently which complicates the analytical computa- 
tions and also increases the difficulties similitude for model tests. The 
fact that cracks developed the prototype and were reproduced the models 
and successful strain measurements made, indicate that models may used 
advantageously provide information the structural behavior arch dams 
and predicting their behavior. 

The tests both the cofferdam Costelo Bode and also its model were 
made under almost ideal conditions. For the prototype, the loading-unloading 
cycle was made during fairly short period time. This minimized the pos- 
sibility having the structure affected temperature changes, changes 
the elastic properties creep the concrete. For the model tests, the 
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laboratory conditions could held constant throughout the test period there- 
eliminating many the uncertainties traceable changes temperature 
and humidity. eliminating these changes, simpler interpretation the 
test results could made. 

Prior the design and construction Hoover Dam, the Bureau Recla- 
mation undertook program investigation structural behavior arch 
dams. The Bureau contributed the test program the Arch Dam Commit- 
tee the Engineering Foundation for the tests the Stevenson Creek Dam 
and subsequently built and tested model this dam. This was followed 
tests models Gibson and Hoover Dams. the prototype these two 
latter models, extensive programs structural behavior were undertaken. 

should emphasized that the time these investigations were started 
the late 1920’s, the equipment for measuring strains, stresses and deflections 
was still the development stage and the results obtained were crude com- 
pared with those obtained the Nacional Engenharia Civil 
using the modern equipment now available for this purpose. 

part the program research investigating the structural behavior 
Hoover Dam, two structural models were built and tested. This program 
included measurement deflection radial and tangential directions, angu- 
lar displacements, foundation deformation, and measurement strain. After 
making observations the behavior the models, analyses the models 
were made for the loading conditions the laboratory. 

The first model Hoover Dam was made mixture commercial 
building plaster and celite (infusorial earth) which was highly elastic light- 
weight material. The principal items structural data, and the assumptions 
that were made for the purpose the analysis, are listed follows: 


Loading fluid: Mercury having density 13.6 

Weight plaster celite material per cubic foot 

Modulus elasticity the plaster and celite material tension and 
compression, 90,000 psi 
Modulus elasticity the plaster and celite shear, 37,500 psi 
Normal stresses vary straight line from the upstream face the 
downstream face the model 
Cantilever stresses the faces the model acting parallel the 
slopes the faces are equal the calculated vertical stresses multi- 
plied the squares the secants the angles between the faces and 
the vertical directions 
The foundation deformation was adjusted and made conform the 
model measurements 
The concrete support around the plaster celite base and the support 
the downstream side were both assumed rigid 


The trial load method was used the analysis the plaster celite model 
Hoover Dam with mercury pressure load applied the upstream face. 
The strains, stresses, rotations and deflections, due the mercury load, 
were determined the analysis; and since the actual strains and deflections 
had been measured the model, the results gave comparison between the 
computed and measured deflections. 

For this purpose the analysis, the model dam was replaced two sys- 
tems elements, system vertical cantilevers, and system horizon- 
tal arches. The mercury load was divided between arches and cantilevers, 
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and also equal and opposite tangential and twist loads applied the two sys- 
tems, that geometrical continuity would established throughout the 
structure. The required loads were gradually determined trial that the 
deflections and rotations each system would equal all conjugate points. 
Since this satisfied the conditions geometric continuity, the strains and 
stresses due the applied trial loads were calculated for both systems 
elements. 

The mercury load the upstream face the model produced movements 
radial directions, movements tangential directions, and rotations 
horizontal planes. These movements and rotations were considered respec- 
tively the radial, tangential and twist adjustments. the radial adjust- 
ment, the loads that were necessary produce radial continuity were applied 
trial the arches and cantilevers. the tangential adjustment, the loads 
were introduced that were needed restore tangential continuity; and the 
twist adjustment, the loads were introduced that were required produce the 
same rotations the arches and cantilevers. 

The results the series tests the plaster-celite model were that the 
computed deflections agreed very closely with the measured deflections. The 
results the strain measurements were not close agreement, how- 
ever. This was largely due the fact that the available gages for measuring 
strain were very crude compared with the strain gages presently available. 
The strain measurements were made only the downstream face the 
model because the load was applied hydrostatic pressure mercury 
rubber bag braced against the upstream 

The second model Hoover Dam tested was made compound rub- 
ber and litharge which had unit weight 150 pounds per cubic foot. The 
material had modulus elasticity sufficiently low deform readily un- 
der hydrostatic pressure water. Thus was possible have the specific 
gravities the model and the prototype the same, and also that the loading 
mediums the same. 

The principal items structural data, and the assumptions that were made 
for the purpose analysis this model were follows: 


Scale the Model 180, inch equals feet 
Weight per cubic foot water 62.5 pounds 
Weight per cubic foot rubber and litharge 150 pounds 
Average modulus elasticity the rubber and litharge material for 
tension and compression the cantilevers, 343 per square inch 
Average modulus elasticity the rubber and litharge for tension 
and compression the arches 389 per square inch 
Average modulus elasticity the rubber and litharge for shear 
the cantilevers, 114.33 per square inch 
Average modulus elasticity the rubber and litharge for shear 
the arches, 129.67 per square inch 
Average value Poisson’s ratio 0.5 
Normal arch and cantilever stresses vary straight line from the 
upstream face the downstream face the model 
10. The foundation movements were adjusted and made conform with the 
model measurements 
11. The concrete testing pit supporting the model and its foundation was 
assumed rigid 
12. was assumed that the rubber remained contact with the concrete 
the testing pit all points 
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the trial load analysis this model, was necessary assume that 
the rubber and litharge compound was homogeneous and isotropic material. 
was not ideal material, however, because had pronounced directional 
properties, which with abnormally large Poisson’s ratio and proportion- 
ally high tensile strength, made its elastic behavior different from that 
concrete. However, did permit making observations for strains the up- 
stream face when the model was subjected water load. 

The results the tests both these models were compared with the 
analytical results made using the trial load method analysis. comparison 
the measured and computed deflections showed that the analysis the 
models the trial load method gave deflections very close the actual 
values found from measurements made the models. The computed 
stresses were reasonably close agreement with those obtained from the 
strain measurements the models. the improved models strain gages 
had been available the time these tests, expected that the agreement 
would have been closer. 

The concluding step the investigation stresses Hoover Dam has not 
been completed this time. Provisions for measuring the deflection and 
extensive installation embedded instruments, strain meters, joint meters, 
and thermometers, have been made Hoover Dam for the purpose observ- 
ing the structural behavior the prototype. hoped that eventually 
series observations can obtained under conditions which will resemble 
those conditions under which the models were tested. The models were tested 
under maximum reservoir level and uniform temperature conditions. the 
prototype the reservoir level has not reached the maximum and the tempera- 
ture the concrete has increased above that which existed the time the 
contraction joints the dam were grouted. 

comparing the stresses obtained from strain measurements Castelo 
Bode cofferdam with those computed the trial load method, the results 
are reasonably good agreement considering how the analysis was made. 
The deflections, however, were not close agreement the authors 
point out. This probably due the fact that only radial displacements 
were considered, the arch elements were assumed uniform thickness, 
and the modulus elasticity the foundation was assumed the same 
that the dam. expected that closer agreement stress results 
would have been obtained the trial load analysis had included the effects 
the nonuniform thickness the arch elements, and the tangential and twist 
adjustments. possible also that the modulus elasticity the founda- 
tion rock had been different from that which was assumed would have af- 
fected the computed deflections. 


JOE A.M. ASCE.—This paper valuable addition 
the slowly accumulating published results stress studies made actual 
in-service dani'structures, along with allied model tests. The authors are 
congratulated for their splendid presentation results from several in- 
dependent measurement sources and the comprehensive manner which the 
correlated data are prepared. 

Few persons will probably realize the amount time that represented 
the results these studies. Endless man-hours work for large 
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number persons are represented the accumulating data from model 
and prototype sources, correlated laboratory studies, computations required 
for each study, and the preparation the plotted results, not mention the 
amount time required for the trial-load and other analytical studies rep- 
resented. The organizations represented these authors are compli- 
mented for the conducting this program. This summary one the first 
for which measured stress results are shown for arch dam; and serves 
establish, along with analogous gravity dam information which 
the engineer will have some criteria that will serve gage methods de- 
sign. 

not surprising that model and prototype results and the results 
trial-load and other analytical studies are not comparable. must rea- 
lized that studies stress measurement and studies stress analyti- 
cal methods are each basis different from the other; and each reflects 
the assumptions and conditions for which the particular analysis made; 
and thus, cannot expected show the same final results. Perhaps the 
authors this paper should have omitted results from their trial-load and 
other analytical studies this time. Since attempt has been made 
point out reasons for the differences existing between trial-load and other 
analytical results and the results the model and prototype studies, the 
comparison stress presented somewhat misleading and not made 
all the trial-load method. The trial-load studies were indicated 
the authors have been made only the basis radial adjustment and 
not include the effects tangential shear and twist, well varying 
arch thickness. contrast, Bureau Reclamation practice has been make 
initial study based radial adjustment, then complete the study in- 
cluding the effects tangential shear and twist. all cases the varying 
thickness the arch considered. The comparison initial and com- 
plete trial-load study shows quite different results. The authors’ compari- 
son, using trial-load results that disregard these important factors, not 
understood. 

The conditions temperature affected factors progressing con- 
struction, well the varying conditions reservoir, are reflected the 
results instrumental studies and are not easily represented the analyti- 
cal studies, and are not represented the same degree the model studies. 
Oftentimes, the analytical study represents only stress conditions during 
normal some other fixed operation condition for the structure, whereas 
in-service conditions for structure may not ever comparable, since 
loading, represented the analytical study, may not occur the proto- 
type for number years after completion the structure. Even then, 
stress conditions may entirely different, due the wide difference 
temperature conditions and deflection the dam between actual conditions 
and those used the design. The analytical study must assume values for 
factors, such allowable concrete strength, modulus elasticity, tempera- 
ture effect, and Poisson’s ratio; and oftentimes does not recognize the effects 
factors, such concrete growth shrinkage due drying creep 
concrete under sustained load. Likewise, the effect stress triaxial load- 
ing concrete not included. The triaxial effect stress volumes 
concrete, confined massive concrete dam, are not too well understood, 


Raphael, ASCE, “The Development Stresses Shasta Dam,” 
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and thus cannot included the analytical study. These quantities are more 
less automatically introduced, least accounted for some extent, 
the measurement studies. Rock modulus more less uncertain quantity. 
Although modulus values used analytical studies are determined the 
best the ability the laboratory worker, using accepted methods, the 
modulus may often only relative when thought from the view and magni- 
tude abutment and foundation rock mass, considering the enormous volume 
foundation material surrounding dam and the varying effect the dam and 
reservoir mass may have that foundation rock mass. 

Considering all these factors collectively, can easily understood 
that many designers lose sight the complex system variables with which 
they are dealing arch dam, and oftentimes are reluctant accept re- 
sults measurement methods analysis when these results are not 
agreement with the results analytical methods. Conversely, many research 
workers not want accept results obtained analytical means when these 
results not show the same thing derived from model and other measure- 
ment studies. general, when comparison made, results must quali- 
fied avoid misleading the reader who may not familiar with the basis 
the study the method used. 

Many designers and research workers are the opinion that stress varia- 
accepted theoretical and mathematical methods, and are unwilling rec- 
ognize that stress variation obtained through measured strain indicated 
very much nonlinear nature, shown results measurement 
studies, not recognizing that stress function varying temperature 
well load. Sometimes, temperature effect massive structure far 
greater influence stress results than that load. 

Only through results such presented this paper are these facts made 
known, and only the continuing joint efforts persons connected with both 
measurement and analytical programs can sufficient information accumu- 
lated that will useful the engineer means effect the narrowing 
the gap that exists between design and in-service conditions for structure. 
These results from measurement and the associated economies that can 
effected through recognition conditions resulting from these studies, along 
with analytical studies for design, will assure that future as-built structures 
will operate stresswise anticipated the design. 

analytical study, the resulting stresses are somewhat average 
stress resulting from the combination loads, moments, shear, and twists 
that are applied through methods the analysis. Considering structure 
series vertical elements analogous posts pilings, and computing 
stress required horizontal sections will result entirely different 
stress pattern the vertical plane than that usually used analysis, 
particularly near the base the structure. This effect was illustrated 
the results previous paper2 and further strengthened other similar 
studies. The results the in-service studies from measurement and the re- 
sults trial-load studies show, some cases, large differences. This post 
piling explanation may partially account for these differences between the 
results the measured stress, which may termed “observed” stress, and 
the results the computed stress, which may termed “average” stress. 


Ibid. reference 308. 
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The authors will interested learn the usefulness and reliability 
external measurements check stress trends shown strain meters 
embedded arch dam. the recently completed study stress from 
measured strain the Hoover Dam the Bureau Reclamation, the stress 
trend both cantilever and arch sections from strain meter measurements 
reflected the record from the plumb lines located the elevator shafts 
and from the precise survey measurements made over the top the dam. 

From the program presented the authors the paper, apparent 
that model and prototype structural studies provide authentic and useful 
source data for evaluating the behavior structure provided 
analytical studies. While the trial-load and the independent arch methods 
analysis furnish excellent beginning for determining stress conditions 
expect from structure, they still not guarantee that the structure will 
behave accord with results the respective stress studies. Thus, the 
model and prototype results are great values for the evaluation the 
merits the method and for use criteria future structures, and the 
end attempt should made tie results all three methods together. 

The authors’ statement regarding behavior measurements Bureau 
Reclamation and Tennessee Valley Authority dams not entirely clear 
the following sentence: 


“It should noted, however, that all those investigations 
attempt was made analyze the stresses computation model 
testing.” 


The authors the paper are reminded that Bureau Reclamation structures 
have been analyzed one several methods. the large concrete gravity 
arch dams, analytical studies one several methods are made well 
study stress internal and external measurements. the case Hoover 
Dam, elaborate program model was carried out simultaneously 
with the trial-load and other analytical studies. this late date, stress from 
measured strain correlated with measurements deflections and displace- 
ments, will made available within short time. illustration that will 
interest the authors this paper, showing comparable results be- 
tween strain meter studies and theoretical nonlinear stress studies, of- 
fered the following example from the recently completed strain meter 
study Grand Coulee Dam (Fig. A). 

will noted that for the results each study the stresses for the most 
part are very good agreement. 

the prototype example offered the authors, noted that the loading- 
unloading cycle for the structure required only days, which far from con- 
ditions experienced most service structures. mention made regard- 
ing the method application the property creep concrete under 
sustained load and its treatment relation the prototype study. Thus, 
must assumed during this short loading cycle that for the purpose sim- 
plicity solution, creep concrete may neglected and only creep modu- 
lus elasticity time full load used with the resulting assumption that 
stress will follow directly from strain through direct application Hooke’s 
law. 

The ingenious orientation strain meters placed the prototype 


Boulder Canyon Final Reports, Part Tech. Investigations, Bull. 
Model Tests Boulder Dam, and Bull. Model Tests Arch and Canti- 
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noted. Here, the strain meters are placed trios, equilaterally, planes 
parallel the faces the dam. While this orientation excellent from the 
aspect economy, affords means for check strain the gage 
points would assured duplicate meter installation. Thus, mea- 
sured strain values must considered absolute, and strain for directions 
other than those the meters must computed resolution. Though the 
authors may have had implicit faith the reliability their equipment and 
the methods used for installation, pointed out that, had any one trio 
failed, the complete trio would have been useless; also, without duplicate 
meters each gage direction, there always exists the shadow doubt re- 
garding readings. This scheme meter installation contrast that 
used the Bureau Reclamation. Bureau practice provides for duplicate 
strain meters installed the three major orthogonal planes and 


R.W.S. EXPLANATION 
January Observed stress 


500 

SCALE 
Analytical study based 


linear stress solution with 


E1.850 (Computed stress 


HORIZONTAL STRESS 
PARALLEL 


HORIZONTAL STRESS 
NORMAL 


VERTICAL STRESS 


SHEAR STRESS 


TEMPERATURE 


Fig. Comparison Observed and Computed Stress Grand Coulee 
Dam Maximum Section 


fae 
5-600 


904-14 PO1 February, 1956 


supplementary meters placed several planes 45° angles, with the meters 
the primary planes. The usual installation includes meters for each 
group point measurement. Thus, the multi-directional gage line sys- 
tem affords three major directional lines stress from strain the gage 
point and addition extra meters midangle positions affords the great- 
est possibility and reliability for stress investigation gage point. This 
scheme assurance better compatibility strain between trios 
strain meters having one mutually perpendicular meter the trios and adds 
the reliability results gained from the installation. the installation 
made the authors the prototype, strain meters were installed central- 
the sections the dam between the upstream and downstream faces, 
thus results for stress variation through the section are unknown. 

These comments are not construed critical view the system 
used, but only emphasize the care and forethought that must into the 
planning installation for reliability results. This comparison further 
serves point out the contrast practice between methods used for obtain- 
ing data the United States and methods used abroad. 

The results provided this paper, when summarized, should leave little 
doubt the mind the engineer that each the methods illustrated will 
serve definite purpose relation dam design and, combination, will 
serve criteria which reliable information can obtained and the end 
means afforded which that information can used with high degree 
certainty ascertain the stress behavior dam structure. 


CARVALHO paper has great value for better knowl- 
edge the structural behaviour arch dams and the analytical and ex- 
perimental methods used for their design. the authors say, was con- 
sidered worthwhile publish these results. The writer must add that 
would very desirable that all the laboratories did the same order 
have the opportunity comparing their methods testing and observation. 

Concerning the model investigations, the authors conclusion “that mix 
plaster and kieselguhr the best material among those used” accept- 
able, mainly because this material has the same Poisson’s ratio the con- 
crete and the similarity requirements are fulfilled. However, for this 
same reason, the writer not complete agreement with the statement that 
the “Poisson’s ratio can regarded not having significant influences,” 
feeis that very difficult discuss the Poisson’s ratio influence. 

The comparison results presented the paper very interesting, but 
the writer thinks that the authors went too far their analysis, comparing 
the stresses all the observed points the prototype. justify the differ- 
ences between the corresponding prototype and model values, low degree 
accuracy the measurements had accepted and, additionally, some 
reasons had found interpret the differences exceeding the tolerance. 
the writer’s opinion, was enough and more natural only express “the 
evidence close agreement between the values the maximum principal 
stresses,” stated the beginning the summary. 

The comparison between the observed prototype stresses and the analyti- 
cal results not significant due the fact that neither the trial load 
radial adjustments only, nor the independent arch method, can give true 
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results for this type dam. The second method has the great value its 
simplicity, giving the superior limits the principal compressive stresses. 

Finally, must stated that the conclusion that “an upstream crack 
the base the dam does not sensibly change the state stress, even though 
affects important part the dam thickness” very important. fact, 
this conclusion very helpful for the designers dams. 
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Discussion 
“SELECTION INSTALLED CAPACITY 
HYDROELECTRIC POWER PLANTS” 


Lesher Wing and Robert Griffen 
(Proc. Paper 697) 


ROBERT KRAFFT,! A.M. ASCE.—Selection the proper installed 
capacity one more potential hydroelectric power sites has been ap- 
proached various ways, some overly simple, others overly complex. The 
authors have conferred distinct service hydroelectric planning engineers 
presenting the basic concepts involved and orderly procedure facili- 
tate the solution such problems. The basic problem “supply the sys- 
tem load the lowest cost” any time power demand increases. Such 
lowest cost may, different times, obtained from all hydro, all steam 
various combinations these. 

Many assumptions, rightly, have been made the authors for the purpose 
simplification and clarity. However, some these assumptions may lead 
erroneous conclusions unless they are fully understood and consideration 
given their effect. 


Prime Power Firm Power 

Prime power available continuously the same amount all times. 
Such power itself not fully marketable. hydro plant developed for 
prime power only must integrated with other plants, hydro steam, 
serve system load, some prime energy must wasted. the installation 
the hydro site increased order convert prime power and prime 
energy firm power and firm energy, some secondary energy usually 
made available. This secondary energy also may made marketable 
integration with other plants, particularly steam plants. more definite 
measure the potentialities hydro site would determine the maxi- 
mum amount firm power under adverse conditions. All additional potential 
energy would indeed secondary. 

Elimination the Prime Power concept would simplify and clarify the 
procedure and would not discriminate against any economic development. 
would very unusual hydro site where the relationships were: 


Prime Hydro Cost equal less than Steam Cost, and 
Net cost incremental capacity from Prime Firm greater than 
Steam Cost. 


Under this concept, each plant system would have the obligation 
supplying proportionate share load. and when could not this, sup- 
plemental power would have obtained from some other source. and 
when secondary energy was available, market would sought the load 
that some other plant was obligated supply. 


Cons. Engr., Albany, Calif. 
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Cost and Value Power 

The authors, rightly, evaluate hydro power delivered market being 
equal the cost steam power the same location; express the value 
terms the two components, capacity and energy; and state that the fixed 
and operating costs used should those applicable the construction agency 
because erroneous conclusions would result, for example, tax-free financ- 
ing were used for hydro and not for steam. However, the authors, for sim- 
plicity, assume all power delivered “load center” rather than, possibly, 
several load areas and purposely omit consideration reserve capacity, 
considering reserves constitute separate problem. 


Reserve Capacity 
Reserve capacity may not entirely separate problem. Reserves 
capacity and energy are required for several purposes, the most important 
being: 
Rolling reserve immediately available meet (a) rapid changes load 
(b) generation transmission failures. 
Outage reserve available within reasonable time replace the rolling 
reserve. 
Overhaul reserve available meet scheduled outages. 
Reserve for adverse water supply conditions. 
Reserve for load growth excess that estimated. 


Either hydro steam can act reserve but hydro, especially impulse 
type units, are more suitable for rolling reserve when not restricted water 
supply and steam units are more suitable for other reserves they can 


shut down backed off save fuel when not required. 

Even Phase system development, steam plants may economical, 
not essential, standby for failure transmission lines from hydro 
sources important load centers. located the end long transmission 
lines, steam units can designed act synchronous condensers. Being 
available, such steam units also can supply supplemental energy the event 
adverse water supply conditions and carry load required. 

the ratio steam hydro increased Phase generation 
steam units can reduced during off-peak hours afford market for 
secondary hydro energy, available. However, the amount such reduction 
may limited such factors as: 


Transmission limitation cities areas great distance from hydro 
sources. may more economical use fuel even when potential 
hydro energy wasting than construct transmission lines used only 
for relatively short periods. 

Steam plant design. Unless specially designed, with consequent greater 
cost,loss efficiency, both, steam units must operated some 
load greater than that required for station use order available 
for quick pick-up. 

Steam units may constructed conjunction with industrial oil re- 
finery plants, which case relatively large base load must carried 
supply process steam. 


Also, economical planning will require hydro plants act reserve for 
steam outages, especially scheduled outages for overhaul. Generally speak- 
ing, steam units require overhaul more frequently and are out service for 
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longer periods than hydro units. Consequently, the steam ratio in- 
creased, the percentage reserve for overhaul must increased. system 
peak load demand varies during the year, will economical schedule 
overhaul lesser demand. This results the requirement that 
hydro capacity should nearly constant throughout the year greater ca- 
pacity factor than might concluded from study which did not consider 
reserves. 


Average Usable Power Supply 

Potential power from hydro plant site varies greatly between years 
and seasons dependent upon water supply. The energy available wet year 
usually will far exceed the average available over period years and, un- 
less the system has very low ratio hydro steam, some potential output 
will wasted. the ratio hydro steam decreases, some this non- 
salable power can obtain market. The existence such potentially avail- 
able energy from existing sources should considered estimating the 
amount marketable energy available from proposed hydro development. 
This consideration may require considerable discount potential hydro 
energy. 


Adverse Power Supply 

The authors, rightly, have based system planning the hydro supply 
available under most adverse conditions plus the supply available from steam 
plants. They have, for simplicity, assumed that the system steam plants are 
capable operation 100 percent capacity factor during such time. The 
duration the adverse period extremely important. For period few 


weeks such operation steam plants would practicable. Such operation 
for two three months might considered reasonably possible, but for 
longer periods believed that dependence operation greater than 
percent capacity factor too optimistic. the adverse period continues 
year more, would the case with cyclic storage, provision for over- 
haul outage should made, thus reducing the overall capacity factor about 
percent. 


System Load Curves 

Correct delineation system load curves tedious process. Demand 
for power varies from hour hour, day day, month month and year 
year, dependent upon many factors, including weather, economic conditions, 
competing sources power, etc. area where irrigation water 
pumped, system load increases dry years when adverse hydro power sup- 
ply also occurs. Similarly, air conditioning will increase system load hot 
summers and space heating will increase system load cold winters when 
water supply may reduced freeze-ups the mountains. 

least two sets system load curves should developed: one for maxi- 
mum power demand, used conjunction with adverse hydro power sup- 
ply conditions for planning installations supply and furnish reserve 
capacity; the second for minimum power demand, used conjunction 
with wet year power supply determine the amount waste potential 
hydro energy. 


Low Load Factor Hydro 

The upper portion system load curve indicates that portion oper- 
ating plant required very low capacity factor. general, and especially 
under conditions adverse hydro power supply, this position the load 
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curve should allocated plants capable great flexibility. Such plants 
also may furnishing rolling reserve for the system the same, 
other times. The necessity for operation the extreme system peak cannot 
forecast with reasonable degree accuracy. The demand may occur 
one day week possibly five days. may continue for few minutes 
hours. The water used for such purpose cannot dedicated 
any other purpose, such irrigation supply for chain plants, unless 
adequate re-regulation storage intervenes. 


CONCLUSION 


The procedure proposed the authors, modified deal with firm power 
rather than prime power, will found very useful hydroelectric planning 
engineers. However, recommended that caution exercised the de- 
termination maximum and minimum capacity factors marketable hydro 
power. Each system region has its own pecularities load factors, 
seasonal variation, transmission limitations, secondary energy available 
from existing developments, etc. Economic error may well result unless all 
factors are considered and their effect analyzed. 
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Discussion 
“PERMEABILITY, PORE PRESSURE AND UPLIFT 
GRAVITY DAMS” 


Roy Carlson 
(Proc. Paper 700) 


LAGINHA SERAFIM,! A.M. ASCE.—This paper great interest 
the uplift debate deals with important points which have not been suf- 
ficiently considered the various publications the subject. 

The writer recently had occasion consider great detail(1) the various 
aspects uplift masonry dams, comparing the different opinions expressed 
the vast bibliography this matter. One the first conclusions resulting 
from this comparison that, fact, there are three distinct problems, and 
not two, the discussions uplift: (1) What the distribution pressure 
the water the concrete pores? (2) What the effective area over which 
that pore pressure acts? (3) What the interpretation given the 
stresses set these pressures? 


the first problem the author gives some very useful information 
when presenting the implications permeability tests. shows, for ex- 
ample, that, the time necessary for the complete saturation dam 
very great, only very special cases will there linear pressure distri- 
bution across dam. That is, the percolation the water will not, rule, 
steady. analysis(2) unsteady flow water through concrete was 
concluded that this phenomenon expressed differential the 


type 


which the coefficient permeability, the pore pressure, the 
time, the atmospheric pressure, Cj, and constants which depend 
the physical properties the concrete and the quantity air trapped 
within the concrete pores during the filtration the water and the sum 
the three principal stresses, which vary with 

The similarity this equation with equation for heat conduction 
shows that the interpretation made the T.V.A. the very interesting pore 
pressure observations Hiwassee Dam justifiable. (3) 

With regard the remarks made about capillarity, the writer means 
very simple equipment determined capillary rises about for con- 
cretes made the laboratory. (4) This equipment was used first for perme- 
ability tests with view verifying the validity Darcy’s law for the flow 
water under low head. 


Research Engr., Head, Dam Studies Section, Nacional 
Engenharia Civil, Lisbon, Portugal. 
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The problem the effective area porous bodies closely related 
the problem the interpretation the stresses set the pressures 
the pores. Hence convenient discuss the latter first. fact the writ- 
believes that the lack due consideration this third problem one 
the reasons for the appearance many differences opinion about the 
forces produced pore pressure. Certain statements the author, such 
the stress distribution the same when uplift pressure acting 


when there pore pressure.” the uplift force any section de- 
pends only upon the pore pressure and area that section, again 


the uplift produced locally the pore pressure acting jack 
within the pores.” can understood better the third problem discussed. 
That is, necessary give acceptable interpretations the terms 
lift” and “stress.” 

There nothing new what follows. Publications like those Hoffman, 
Terzaghi and Brahtz(5) clarify the meanings these terms. the one hand 
when speak stresses concrete refer the mean stresses, that is, 
their mean values areas considerably greater than those the pores 
the size the aggregates. When speaking uplift stresses the same mean- 
ing the term stress has maintained. But, the other hand, when 
dealing with forces produced pore pressures, the scale dimensions has 
reduced the size these pores and the size solid bonds between 
grains. 

porous body such concrete cylinder submitted, externally and 
the pores, uniform pressure, will not break and the deformations 
produced will negligible.2 The well known breaking tests tension 
(Fillunger) and compression (Terzaghi and Rendulic and Bureau Recla- 
mation(6)) samples submitted uniform pressures the pores and the 
outside, show clearly (and doubtful whether they show more than this) 
that the strength concrete, both tensile and compressive, not altered 
high pressures the pores. view the above can stated that body 
subjected uniform pressure produced fluid acting all around the en- 
tire surface the solid material not subjected uplift forces; however, 
pressures are acting pores. other words, can said that the 
“total stresses” such body are all points equal the pressures its 
pores and that the “effective stresses” (those which rupture deform) are 
nil. The expression “effective stress” can have for concrete meaning 
analagous that given Soil Mechanics. 

Once the rupture concrete tension compression appears result 
from the rupture the bonds between the solid particles,(7) sections with 
minimum area solid, only interest consider the effective 
stresses these sections. Note that such sections are simultaneously those 
the greatest “effective area.” Also the deformations the solid bonds 
which principally account for the deformations the concrete when 
loaded external So, the effective stress is, for soils, indication 
the contact forces between the grains and, for concrete, indication 


The writer estimated means tests(1) that the value the com- 
pressibility the solid material concrete corresponds bulk modu- 
lus elasticity the order 11x106 psi, which value the modu- 
lus elasticity for the solid material psi corresponds 
approximately. 
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the forces transmitted the solid bonds the section smallest bond area. 

Now imagine concrete pillar 100 high embedded impermeable rock 
the bottom lake 200 deep. the pores the concrete, the base 
the pillar, there would water pressure psi and the same time 
the uplift the base the pillar (taking the effective area 100%) would 
only produce (effective) tensile stresses psi. 

Summing up, the value the pore pressure does not give, itself, the 
value the stresses due these pressures. appears, therefore, more 
reasonable admit, did Fillunger, Hoffman and others, that the uplift 
forces result from the gradients pressures the pores between the point 
under consideration and the surface the body. 

From the definition adopted above for the effective stresses, can easily 
shown(8) that the forces set pore pressures are the nature body 
forces which the components per unit volume are the derivatives the 
pressure times the effective area 


Note that, the effective area not constant from one point another, 
its variation responsible for the presence body forces. Hence can 


concluded that the uplift point depends and produced the presence 
variations the pore pressure the effective area between one point and 


another. But, concrete the cement paste, which normally the materi- 
having the greatest effective area, surrounds all the aggregate, can 
considered constant the calculation the stresses which interest the 
engineer (mean effective stresses). 

From the consideration the body forces referred above has been 
demonstrated(8) that loading due pore pressure (steady unsteady flow) 
analogous the loading produced temperature variations given 


and being the elastic constants the concrete and its coefficient 
thermal expansion. has also been demonstrated that simple cases (state 
plane strain and pressures corresponding steady flow), the uplift 
stresses are given the difference between the stresses which would act 
the body were impermeable and the value the product the pressures 
the pores the effective area. 


Let pass the second problem. the values the effective 
area permeable bodies, was Terzaghi who stated that could only 
determined tests. However, the deductions Mr. Carlson are quite ac- 
ceptable from the logical point view and also not contradict previous 
experimental results. 

Considering various tests, the opinion the writer that the value 
that area depends the test conditions; i.e. the effects the pressures 
fluid the concrete pores are different according whether are deal- 
ing with rupture tests tests measuring deformations and also according 
the type fluid used the tests. 

the tests carried out Leliavsky(9) the samples were tested 
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rupture. This was caused tensile forces set the pressure variations 
the pores from the end, where the fluid was coming out, the zone 
failure. The values the effective area found this author (mean value 
0.91) have therefore taken into consideration when sought verify 
the stability constructions relation rupture. 

tests carried out the writer (similar those Prof. Davis referred 
the author) the object was measure the forces and deformations pro- 
duced pore pressures. Ten series three four mortar cylinders and 
two series neat cement paste cylinders were tested. Using the equipment 
shown the figure tensile force set the longitudinal variation pres- 
sure was obtained. avoid rupture tension the cylinders were main- 
tained constant axial compression during the test. The total longitudinal 
deformations and also the strains the mean section were measured per- 
colation tests with nitrogen and with water. the tests which strains were 
measured, there was compensating strain gauge mounted small 
briquette (of the same material the cylinder) placed the chamber, was 
not necessary subtract, from the readings obtained, the strains produced 
the volumetric compression the solid material. fact, these were 
eliminated the reading given the strain indicator. the tests which 
the total longitudinal deformations were measured external dial gauges, 
the longitudinal deformations due the volumetric compressibility the 
solid material were deducted from the values obtained. 

The tensile forces set the percolation the fluid were calculated 
from the values the deformation strains produced the longitudinal 
compression and from the values the decrease these deformations 
strains caused the pore pressure. These forces allowed the effective area 
the samples estimated taking into account the effect creep. 

The nitrogen tests dry samples produced values the effective area, 
varying from 0.8 1.0, the results showing that increases slightly with 
the water cement ratio, with the value the pore pressures and with the dry- 
ness the samples. The tests where water was used supplied values be- 
tween 0.40 for compact mortars and 0.80 for lean mixes. one the tests, 
water pressure 560 psi was maintained around the sample during 
days and there was increase after two hours following the application 
the water pressure round the sample. 

The low values obtained the water tests suggested the lack mobility 
the water films adsorbed. The nitrogen tests also showed that the area 
solid bonds between particles small compared with the area the voids. 

The results these tests not agree with the statements which the 
author makes before says that “the test program (of Prof. Davis) could not 
yield the effective area the simple manner that was anticipated.” Were 
so, the values found now would always have been equal unity. The writer 
feels very much more inclined believe tests rather than the theoreti- 
cal considerations even though they may have the interest and logical exact- 
ness those which were presented the author, for “experiment the 
sole source truth.” 
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Discussion 
“MORRO BAY STEAM ELECTRIC PLANT” 


George Thon and Gordon Coltrin 
(Proc. Paper 737) 


GLENN WOODRUFF,! ASCE.—The authors have given excellent 
description the civil engineering features modern steam electric power 
plant. the designer comparable facility this less important than 
the description the careful analysis the various possible alternates which 
preceded each step the design. this latter respect, the paper describes 
methods approach permitting considered judgment contrasted follow- 
ing precedent making “snap” decisions. For illustration, comments 
some these studies follow. 

The upper strata are recent alluvial deposits, subject consolidation un- 
der load. Snap judgment would have dictated piles extending the lower and 
firmer strata. The investigation indicated that differential settlements could 
kept within tolerable limits the rigid frame foundation structure which, 
addition economy, had the other advantages mentioned the authors. 

Again, would have been natural for the designers have followed, with- 
out question, the specifications A.C.I. Committee 505 the design the 
heavy concrete stack. While the writer believes the assumption 0.13, 
using the A.S.C.E. recommendations somewhat conservative, believes the 
resulting sections give the best possible distribution the material for re- 
sisting seismic forces. 

Similar analyses were used securing the most economical solutions 
the other problems. this respect, this paper outstanding example 
the approach which should given all engineering designs. 


JACOB FELD,? unfortunate that this excellent paper may 
not have come the attention members outside the Power Division 
ASCE, for presents valuable data the design foundations, high stacks 
under seismic forces, and similarly diversified topics. Actually, this paper 
summary six good papers under the headings listed the Synopsis 
and the project also deserves general description how new uses were 
made aluminum materials for architectural surfacing industrial 
building. The usual blank wall surfaces which make such buildings look like 
odd shaped barns, were given pleasing detail using commercially available 
fluted sheets both horizontal and vertical positions. The contacts between 
the areas obtained are covered flat aluminum strips form frames 
borders which create differences color reflection and most pleasing 
pattern. similar method for breaking large exterior surfaces was used 
Ammann and Whitney the exterior precast concrete panels the Syra- 
cuse Memorial Auditorium. The castings were wire brushed and alternate 


Cons. Engr., San Francisco, Calif. 
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panels are set with vertical and with horizontal markings. 

The interior this shell contains plant, novel many respects, which 
certainly interest the members the Power Division. The writer, 
however, wishes bring the attention the other members some the 
valuable data their fields. Like with many other structures, the control 
materials during the construction period more difficult and opens the 
greater possibility non-success, than after the substantial completion 
the assembly. One such problem was prepare the fine dune sand into de- 
sired slopes and keep them such shape. Anyone who has experienced 
this type soil, which either dust when dry soup when wet, will appre- 
ciate the solution described the paper. The continuous fine spray control 
the moisture content just the correct amount prevent wind erosion 
and the same time protect against liquification and sloughing, thirteen 
acres surface small project. somewhat similar problem, but 
not large, the writer used spray emulsified asphalt into which ferti- 
lizer and selected grass seed had been mixed. The asphalt skin aided con- 
siderably holding the surface, keep the seed where desired and the 
same time discouraged feeding birds. The asphalt way retarded 
germination and actually seemed act delayed fertilizer, once the grass 
sprouted. Some years later, commercial product appeared the market 
consisting grass seed coated newspapers with asphalt spray, with the 
recommendation that the sheets pegged down slopes, seeds the un- 
derside, with the claim that the paper will eventually rot and form fertilizer. 

With population drifting arid and semi-arid areas, the supply water 
becomes more controlling problem. The large scale sea water evapora- 
tion equipment will model for studies many foreign countries. The 
problem really three fold: preparation potable water which known 
expensive matter; water for industrial use where appreciable chemical 
contents can often tolerated compensated; water for agriculture where 
not enough yet known how far plants can modified reduce the 
necessity for salt removal. With the very heavy plant growth salt water 
marshes, seems possible that food plants can developed permit irri- 
gation with sea water from which only portion the salinity removed. 
This parallel the development metal alloys and bearings which permit 
the use sea water for lubrication and cooling, place normal equipment 
which requires potable water prevent excessive corrosion and maintenance. 

The description foundation designs, estimates settlement and the 
record actual settlements another valuable contribution. The reasons 
for the choice spread footing mat the soil against piled founda- 
tion for the main plant and its heavy equipment are completely given and the 
result certainly justifies the decision made. However, the mat under the 
stack supported piles. The authors should explain why the opposite de- 
cision was made the latter structure, even though soil conditions seem 
have been the same and the loads are comparable. Also with the expected 
settlements closely checked the measured dishing the main mat, 
could not least half compensated cambering the mat and reduce the 
necessity for equipment and piping adjustments, although the scheme hang- 
ing the boilers free the foundation must have eliminated many adjustment 
problems. The discussion shall not omit reference the clear summary 
design studies and accepted procedure for the stack under seismic loadings 
and the turbine and generator foundation under self-induced vibrations. 
The writer hopes that the discussion will bring the paper the attention 
many members outside the Power Division. 
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WILLIAM ASCE.—The authors have presented most 
useful description many unusual design features the subject plant. 

These data will doubt suggest valuable design concepts and much aid 
designers other projects. reference the foundation features the 
Plant, there are two factors which warrant particular notice. The first the 
results frequent collaboration between the design engineers and foundation 
engineers throughout the design period. The second the attention given 
the effects upon the structural and design details the settlement patterns 
expected result the sequence foundation construction and loading. 

should noted that very different foundation design criteria were em- 
ployed for the different Plant structures; that is, rigid mat structure for the 
main power building, driven piling for the stacks, and spread foundations for 
tankage and several other smaller structures. These selections were the re- 
sult considering the cost and behavior each unit individually, and the re- 
sulting economy was substantial comparison with the use single foun- 
dation design for the entire site. Such results could not obtained 
foundation exploration and report bearing values, etc., were made and com- 
pleted prior and separate from the development the detailed structural 
designs. For the subject project, initial phase the foundation explora- 
tion was undertaken aid site selection. This provided some data for 
preliminary design studies. Then, the structural requirements and pos- 
sible foundation types received detailed consideration, supplementary ex- 
plorations were made the soil structure the particular locations im- 
portant units. The data obtained from laboratory tests these soils were 
employed studies the capacities, settlements and costs alternate 
foundation schemes being considered fulfill the structural requirements. 
This process frequently involved several preliminary consultations between 
the structural engineers and the foundation engineers, and approximate de- 
sign studies were often made before the final design was selected for com- 
plete analysis. 

has often been stated that differential settlements are the ones which 
usually cause trouble engineered structures. However, the construction 
entire project even complete single unit project cannot car- 
ried out that the foundation load applied uniform rate over the en- 
tire area the unit. Therefore, the time-rates settlements well the 
total settlements often have important bearing upon the differential move- 
ments between portions the plant, and upon conditions strain stress 
which may created these movements. For the subject project, the time- 
settlement studies presented the Authors (at the lower right corner 
Figure were prepared enable consideration the effects upon the struc- 
ture which might caused settlement during the dewatering period, and 
during the periods applying structural loads. For these studies, the stress 
conditions the soils were evaluated means tables 
stress distribution. The studies were based consolidation test data ob- 
tained the laboratory using 2-1/2 inch diameter inch thick core sam- 
ples the soils retained thin brass sleeves. The sleeves surrounding the 


Senior Resident Partner, Dames Moore, San Francisco, Calif. 

Reference, Newmark “Influence Charts for Computation Stresses 
Elastic Foundations” Engineering Experiment Station Bulletin, Series No. 
338, University November 10, 1942. 
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samples enabled some the friable sandy loam and weak clayey soils 
handled and tested with minimum sample disturbance. 

The settlement data presented the Authors particular importance, 
since gives detailed information from the start the foundation loading 
period. the writer’s experience, has often proven difficult impossible 
maintain reliable settlement records during the construction period. Such 
data are major value valid comparisons are made between settle- 
ment analyses based upon laboratory tests the soils and the actual field 
behavior. Too often, the only settlement data available taken after the con- 
struction period, and the results may indicate very slight settlements which 
are sometimes assumed show that the computed settlements were far too 
large. The profession certainly has much learn about analysis and predic- 
tion soil behavior, and data the nature presented the Authors in- 
valuable progress this direction. 


GEORGE writer has read the paper with great interest, 
even though good bit out his specialized field, and has been ex- 
tremely impressed with the thoroughness each step the selection the 
various equipment, and particular, the determination the proper type 
foundation, considering the varying strata and subsoil encountered and the 
proper loading the foundation mat secure uniform and minimum set- 
tlement possible. 

The writer’s primary interest, however, the position Manager the 
Industrial Chimney Division The Rust Engineering Company Pittsburgh, 
Pennsylvania, the internal top diameter reinforced concrete 
chimney, and takes pride the fact that his organization had the oppor- 
tunity collaborate the design and construction this unique structure. 
view this interest, naturally the writer’s comments will dwell only with 
the chimney. 

This chimney one the newer type chimneys handling high outflow 
velocity gases designed the basis various empirical equations the 
additional stack height that might obtained emitting the gases such 
high velocity nullify, insofar humanly possible, the combined effect 
humidity, temperature and wind velocity. Naturally, the effect these 
three agents can usually achieved before the plume bent one all 
these agents, and this estimated height plume what termed “added 
stack height.” 

utilizing this plume effect, the actual structural height chimney 
somewhat reduced and this, turn, reflects the initial economy the 
structure both above grade and foundation and sub-foundation requirements. 

The Pacific Coast area one that must very carefully scrutinized 
view the earthquake potentiality when comes these higher structures, 
and the thoroughness with which the chimney has been investigated, both for 
tentative design which materially established certain clearances, well 
the engineering analysis the final design selected, definitely credit 
the writers the paper. 

For over three decades, have been intimately connected with the develop- 
ment and growth the chimney industry and have marvelled how some the 
chimney resist conditions beyond the scope their design. the Pacific 


Manager, Chimney Div., The Rust Eng. Co., Pittsburgh, Pa. 
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Coast there are chimneys that have been built—true, they are not tall 
this Morro Bay chimney nor large diameter, many cases—that have 
been designed resist nothing more than 20# per square foot projected 
area wind load, yet many these old-time chimneys have gone through some 
fairly heavy earthquake disturbances. The writer’s organization has had the 
privilege designing chimneys for erection all over the West Coast, well 
some the highly dangerous earthquake areas other parts the uni- 
verse, and surprising know and realize how engineers have been 
floundering for many years trying establish the right kind formula 
provide safe structure under the severe earthquake conditions. Most 
them create very difficult design problem, and because this that our 
societies, such the American Society Civil Engineers, the Structural 
Engineers Association Northern California, the American Concrete Insti- 
tute and the American Standards Society, have been striving achieve uni- 
form solution. Their activities have somewhat been emphasized the method 
investigation this Morro Bay chimney structure. 

The writer does not believe that the proper design for chimney the ap- 
plication uniform earthquake coefficient the entire structure any more 
than believes that uniform wind load over the entire structure the true 
theoretical solution for proper design. We, industry, must accept the 
theoretical formulas that have been established, but the same time, have 
search for means whereby the overall economy the structure from de- 
sign standpoint will guarantee the safety desired through the theoretical 
formula. The graphs shown Figure the paper indicate the comparison 
certain codes. principle, they embody the American Society Civil 
Engineers Code using the seismic coefficient .13 and the American Con- 
crete Institute old code where uniform seismic coefficient .20 was gener- 
ally used areas greatest seismic probability. Comparing the curves 
the final design with those the tentative design, and particular with No. 

curve which predicated the American Concrete Institute 1953 Code 
using seismic coefficient .20 for the lower one-fifth the height and 
increasing coefficient for the remainder the height, will noted that 
this latter code—the 1953 A.C.I. Code—will provide excessive amount 
rigidity, particularly the central three-fifths the unit. 

The writer has discussed this paper with Mr. Foster, his Chief 
Chimney Engineer, who has been member the American Concrete Insti- 
tute Committee 505 since its inception, and both his and the writer’s 
opinion that the chimney question could only have been better from struc- 
tural design point view either the following. 


Using seismic coefficient .20 for the bottom one-fifth the chim- 
ney and for the upper four-fifths seismic coefficient .13 .15, 
and increasing either these coefficients the manner prescribed 
the American Concrete Institute 1953 Code, this would have provided 
somewhat more rigid structure the middle three-fifths without in- 
creasing materially the requirements the design built. 

For chimney slightly less rigid, the solution would have been use 
the seismic coefficient .13 for the bottom and increase accord- 
ing the American Concrete Institute 1953 Code for the remainder 
the height. 


This comment for somewhat betterment design reflection any- 
one connected with the project. merely expression opinion, since 
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believe that additional rigidity needed the center three-fifths 
any chimney structure subject earthquake forces. the Pacific Coast 
area, the writer believes the most pertinent illustration this requirement 
might the earthquake effect the 375' chimney the Los Angeles Gas 
and Electric Corporation, Seal Beach Power Station. This one the older 
type designed units, and cannot entirely blame the chimney since was 
chimney that was superimposed structure, but because the upper portion 
this chimney was substantially affected, the writer’s primary indication, 
expressed the above opinion, that consideration must given this 
area the structures. 

Under wind conditions, has become definitely recognized within the past 
three years, that varying force must used the height increases and 
this, course demands consideration reinforcing against the complicated 
stresses that occur under extreme gusty conditions the upper areas 
such structures. 

The writer wishes again compliment Messrs. Thon and Coltrin for the 
excellent analysis they have made connection with this Morro Bay chimney, 
and the writer’s opinion that chimney structure has been provided that 
will give many years excellent service. Only the best has been used all 
parts the unit resist any possible defects due erosion, corrosion and 
velocity pressure that might develop these high velocity units. 
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Discussion 
“PRINCIPLES FEDERAL HYDRO-ELECTRIC POWER DEVELOPMENT” 


William Whipple, Jr. 
(Proc. Paper 739) 


ROSS BRUDENELL,! A.M. Whipple’s interesting paper 
should valuable helping consider objectively the engineering and eco- 
nomic principles Federal water-control projects involving power genera- 
tion. Amidst the claims and counterclaims that have been made, often for 
propaganda effect, his well presented discourse treats the subject con- 
sidered manner worthy its importance. 

the author noted, deals largely with Federal practice represented 
the Corps Engineers. The Bureau Reclamation and the Tennessee 
Valley Authority have also developed large hydro projects and the processes 
and history are naturally not exactly parallel. 

While the writer cannot here similar justice the TVA program, 
would like direct attention the principles Federal hydro-electric 
power development that are expressed the TVA Act. The application 
those principles the Tennessee Valley region has emphasized: 


The inherent economy sound multiple-purpose projects developed 
part the over-all development the resources region. 

The elastic nature electricity use when encouraged 
rate, high-use policy. 

Partnership with local interests through the local distribution organiza- 
tions which deliver the power ultimate consumers. 

While giving primary attention low rates and regional and national 
benefits, the Government, with integrated system, can earn its 
power investment, including allocation joint costs made general- 
accepted method, sufficient income cover all operating costs, de- 
preciation, and the interest costs Federal borrowings, make in- 
lieu tax payments local governments, and provide additional 
earnings that compare rather favorably with the income taxes utility 
companies. 


w 
. 


discussing origins Federal power programs, Colonel Whipple des- 
cribes Muscle Shoals being kind historical anachronism and not 
forerunner the present Federal power program. Muscle Shoals was 
early example the proposition that the Government may well investigate 
and invest the development regional resources for the greatest good 
the greatest number. Its design and construction provide maximum bene- 
fits for both navigation and power was perhaps forerunner later multi- 
purpose Federal developments, somewhat contradistinction the early 
practice adding privately owned powerhouse incrementally naviga- 
tion dam. 


Chief, Power Economics Branch, Tennessee Valley Authority, Chattanooga, 
Tenn. 
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Colonel Whipple’s history brings out the importance practical data 
water resources the foundamental basis for sound planning. The Corps 
Engineers’ “308” reports were one the best investments the United 
States connection with later multiple-purpose developments and helped 
immeasurably giving sound foundation many subsequent Federal de- 
velopments including TVA. 

The author does well emphasize that over the nation and over the broad 
span years, hydro power essentially valuable auxiliary thermal 
sources power upon which the ever-growing energy needs the country 
depend. The relative cost public financing compared private financ- 
ing has been considerable importance the rate Federal hydro-electric 
development. The low cost Federal money has helped make possible 
dam-and-reservoir projects that have conserved fuel resources and that have 
created multiple benefits. Another important factor has been the fact that 
price labor and materials the time construction largely determines 
the costs hydro power compared the changing operation and fuel costs 
thermal projects. Many the largest Federal dams have proved es- 
pecially well worthwhile because price levels have gone since they were 
built. 

Colonel Whipple has succintly brought out the lengthy process involved 
bringing the Corps Engineers’ projects from early planning completed 
construction and the fact that inter-agency cooperation could result over- 
whelming complexity some means not found for simplifying working ar- 
rangements. Unless there single responsibility for completing recom- 
mendations and for their fulfillment when authorized, has proved most 
difficult arrive practical answer without turning “comprehensive” into 
“compromise.” 

Colonel Whipple has dispassionately and ably analyzed controversial as- 
pects the economics Federal projects. important distinguish the 
difference, the author has done, between maximum net benefits and maxi- 
mum benefit-cost ratio maximum profit ratio. TVA’s planning for power 
has always been the basis maximizing total net benefit. discussing 
value power, may well emphasized that the use sale price for de- 
termining value cannot used monopolistic noncompetitive situations, 
his examples illustrate. The utility industry natural monopoly. Many 
differences opinion stem from failure recognize this fact. Others stem 
from the desire maintain the benefits this monopoly. The use thermal 
alternatives provides the best measure value most cases. However, the 
author states that “In most parts the country the value needed electric 
power must much the cost producing equivalent power from steam 
plants modern design through private financing, since the hydro plant 
not adopted the thermal alternative will actually built.” seems the 
writer the proper measure for appraising the comparative value Federal- 
financed hydro plant what would cost produce equivalent power from 
steam plants modern design with Government financing rather than private 
financing. Other things being equal doubtful that there economic justi- 
fication for the Government construct hydro plant the power more 
costly than were produced similarly financed steam plant. Other- 
wise the author points out another connection, Government hydro plants 
might built that would utilize more materials and labor proportion the 
power produced than the steam plants they would replace. 

would appear that the introduction “taxes foregone” into computations 
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economic justification Federal dams partly due the commendable 
effort find better basis for comparison between Federal hydro plant 
and alternative steam plant. However, the writer feels that introducing 
the speculative cost element “taxes foregone” clouds rather than clarifies 
the economic choice, and not sound simple approach comparing 
Federal hydro with similarly financed steam plant. The subject taxes 
probably the most difficult upon which obtain objective thinking instead 
“resentment.” Much the “resentment” referred to, and similar objections 
Federal power development arise from the idea that tax revenues, princi- 
pally income taxes, are the source capital funds for these developments. 
Although Treasury accounting makes distinction, the history the Federal 
deficit suggests rather clearly that Federal investments such water con- 
trol projects have fact been financed from Treasury borrowings. any 
event, interest costs are computed investments Federal dams, 
the assumption that the money was borrowed the Treasury and not 
raised through taxation. 

The effect various forms taxation and the effect alternative eco- 
nomic enterprises total tax collections are among the most complex 
economic problems. Our tax system wise perfect, but the form 
that income taxation has taken this democratic country, doubtful that 
there cause for complaint some the revenues from Federal enter- 
prise are not earmarked Federal tax-equivalents, long 100 percent 
the net income from such Federal revenue-producing investment belongs 
the Federal Government. the rates from Government project were on- 
sufficient cover interest and depreciation fixed costs, there would 
direct collection tax-equivalents from the consumer through his electric 
bill; however, with the profitable and elastic nature electricity use, the 
lower rates turn generate new economic factors, infinitum, that other 
tax collections from the consumer, and from those with whom spends his 
savings, may increase substantially. Certainly the determination “taxes 
foregone” complex subject; moreover, the writer doubts the practicabili- 
the taxes foregone Federal construction, except the 
case valorem taxes property taken from other uses for Federal 
development. For example, power company buys the power from 
Federal dam price equal lower than its own cost making the 
power, realizes much profit the ultimate distribution and sale this 
power and hence pays much more income tax would had built 
the plant itself; thus such case, Federal taxes would foregone. 

Colonel Whipple quite correct that the proper combination various 
purposes with power must determined careful quantitative analysis 
which highly specific the particular circumstances. the Tennessee 
Valley area, eighty years rainfall and runoff records and previous histori- 
cal information have shown distinct and predictable reduction flood flows 
and volumes after the normal flood season winter and spring. This fact 
has been used permit considerable combined-purpose storage TVA 
reservoirs—storage which evacuated seasonal schedule, with flood 
control requirements taking priority over power needs. Larger evacuations 
storage which may made for power purposes supply incidental flood 
storage benefits, and add the flood control benefits rather than encroaching 
upon them. 

The author was probably not intending imply (pages 8-9) that the 
East flood control and power production are largely conflicting interests 
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multiple-purpose hydro development. not safe generalize this sub- 
ject. the Tennessee Valley TVA has obtained both jointly less cost than 
both could obtained separately the same degree. 

The author has done service pointing out some the relationships 
thermal power hydro power that have not always been fully understood. 
Too much emphasis has often been given the firm continuous output each 
hydro project. The greatest value for hydro power frequently obtained 
installing large amount capacity. Nevertheless this should not taken 
imply that always economical maintain all the capacity “depend- 
able” capacity regardless system conditions. The statements that may 
serve broad generalization may not accord with the facts specific in- 
stances. For example, hydro capacity, even with minimum energy sup- 
porting, may often more useful than equal amount steam capacity 
because the ease and speed with which can pick load; other cases 
may have substantially less usefulness than equal steam capacity because 
emergency the steam plant able back its capacity with energy 
supply which available practically 100 percent the time. 

The advisability not “selling short” the peaking capabilities hydro 
sites making provision for ultimate installations has been borne out 
practice the Tennessee Valley region. All the vacant stalls the TVA 
hydro projects will filled next year despite numerous early predictions 
that such capacity could never used. 

Colonel Whipple suggests, operating criteria should developed 
carry out results which project intended achieve. However, changing 
system conditions may necessitate year-to-year differences the operations 
the optimum results are obtained. Conditions both power supply 
and power requirements vary. Moreover, capitalizing additional 
incremental values that could not foreseen the initial planning that the 
economic benefits project may brought full fruition. 

The writer would like point out, connection with discussions cost 
allocations Federal multiple-purpose projects, that the “separable cost- 
remaining benefits” method upon which the Corps Engineers, the FPC and 
the Department the Interior agreed last year essentially the same 
TVA has used since 1938 under the name the “alternative justifiable ex- 
penditure” method (H. 709, 75th Congress, session). 
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Discussion 
“THEORY FOR THE DESIGN UNDERGROUND PRESSURE CONDUITS” 


Bleifuss 
(Proc. Paper 741) 


EVAN ASCE.—The author’s brief treatment very 
interesting and complex design problem introduces two original ideas worthy 
more detailed study and re-states old and accepted theory. 

The concept cylinder cracked rock within cylinder intact rock, 
the corresponding deformation equations, and the equating the deformation 
the rock that the steel have been used for sufficient length time 
considered the standard theoretical approach. The author’s equa- 
tion (8) will recognized Lame’s equation. Its approximate form, for 
extremely thick-walled cylinders and its application steel-lined tunnels 
was presented Dunn,(1) ASCE, over years ago. discussion 
that paper, Jakobsen, introduced the idea inner cylinder 
cracked rock and the pertinent deformation equation (author’s equation (10)). 
Since that time number papers have been published the theory steel 
lining design, among which might mentioned the recent works Trub, 
Kastner,(3) and Hutter and Sulser.(4) Consequently, difficult under- 
stand the author’s statement Conclusion that, his knowledge, “no one has 
previously made any theoretical approach all the determination the 
proportioning load between steel and rock.” 

What required clarify the situation not repetition theory that 
has achieved almost universal acceptance but rather analysis the prob- 
able limits applicability the theory, simplification calculations and 
realistic suggestions for improvement. 

The chief defects the theoretical approach are: (a) the impossibility 
determining the outer limits the cylinder cracked rock and, (b) the dif- 
ficulty determining acceptable values for the elastic constants the rock 
place. 

order define the limits the cracked rock zone, the author suggests 
application the elastic theory (author’s equation (4)). This original 
suggestion and first glance appears have considerable merit. Further 
investigation proves otherwise. The equation requires value for Poisson’s 
ratio and the proper value use can not determined for the rock place, 
even field loading test. The chances are that the ratio varies both with 
depth below ground surface and with orientation the major stress. 

The author uses value 0.2 his illustrative example and finds that 
the lateral compression due the weight the overlying rock must equal 
0.287h order satisfy his condition that the cracked rock zone will extend 
outward until reaches point which the compression due gravity 
forces equal the tension resulting from the internal water pressure 
the shaft. This results cylinder cracked rock having outer radius 
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3.6 times the inner radius. Had chosen different value for 
Poisson’s ratio the thickness the cracked rock cylinder would have been 
quite different. For example, this ratio could have been taken 0.15 
0.30, both values being reasonable the one selected. For these two 
values, the lateral stress would 0.203h and 0.491h, respectively and the 
corresponding ratios diameters would 5.06 and 2.09, respectively. 
Thus, the thickness the cylinder cracked rock can vary within wide 
limits, depending upon the value Poisson’s ratio selected. 

The considerable variation indicated the proportions the cylinder 
less real importance than might expected, can shown the fol- 
lowing simple analysis the two cylinder equations. 

Equations (8) and (10) give identical values for deformation when the ratio 
external internal radius and Poisson’s ratio assumed 0.2. For 
smaller values the radius ratio, equation (8) gives greater deformation 
than equation (10) while, for larger values, the opposite true. Because 
this peculiarity, the author could have used equation (8) instead (10) for 
calculating his illustrative example with practical difference his 
final result. 

The basic reasoning which led the original assumption zone 
cracked rock adjacent the bore somewhat different than the thought be- 
hind the author’s equation (4). Excavation disturbs the surrounding material 
and results redistribution stress, deformation the cross-section 
and shattering the surrounding rock. The zone disturbance probably 
limited and has been suggested Jakobsen and Terzaghi(5) that does not 
extend into the rock more than one tunnel diameter. Considering the natural 
arching action the rock surrounding the bore and the probability that com- 
pressive forces the zone arching exceed the vertical pressure the 
overlying rock, the writer believes that the assumption radius 
ratio for the inner cylinder adequate. 

result the characteristics the cylinder equations and the proba- 
bility that the effective cracked rock zone relatively limited extent, the 
writer developed the following single equation for the determination the 
rock deformation used preliminary studies for developments 
moderate size for which field deformation tests are not warranted. 


d= 2.5 (a) 


With properly selected safety factor, based upon evaluation condi- 
tions, particularly geological, the site any particular development, this 
equation should result safe design and has the advantage simplicity. 
interesting note that when applied the author’s example, gives 
value for compared his own value 0.01916". 

regard the elastic constants, the author suggests that the effective 
modulus elasticity determined test the rock place. this 
suggestion practically everyone who has ever worked with the problem will 
agree. However, not necessary find the elastic modulus separate 
factor nor necessary retain detail the concept and complex equa- 
tions utilized the purely theoretical treatment. 

The equations for the rock cylinders show that the deformation propor- 
tional the internal pressure times the radius. Therefore, the test 


4.3 
al 
a 
3 
= 


Paper 904 DISCUSSION 


made adit, geometrically similar the prototype conduit and sufficient- 
long reduce end effects negligible values and the adit driven 
rock similar character and similarly situated with respect the rock sur- 
face, the test will model test and the proportionality indicated above can 
applied directly. Thus one simple slide rule operation all that needed 
determine the deformation for the prototype from the test observations and 
further consideration need given the specific elastic constants and 
the relative dimensions the cracked rock cylinder. Since the relation be- 
tween load and deformation not rectilinear, the pressure used the test 
chamber should sufficiently great allow use the test curve directly 
without extrapolation. number tests this type have been made(6) and 
where the rock formation massive and watertight, lining any kind 
required the test chamber. This type test has several advantages: de- 
formation measurements are made directly the rock, leakage through the 
rock can determined, and the effects repetitive and sustained loading 
can 

The author’s method test appears both expensive and complicated. 
Since steel sphere used, geometric relationship exists and complex 
calculation required deduce the rock modulus from deformation mea- 
surements the steel. necessary also assume that intimate contact 
exists between the steel, concrete and rock locate from the test curve 
the load which the rock first begins deform. probable that the ini- 
tial increments load will taken entirely the steel. 

possible make the deformation test steel lined section the 
test adit and such lining should used the rock not reasonably water- 
tight. this case the test will model test the completely lined con- 
duit. The end effects can reduced negligible proportions the test sec- 
tion made long enough and this should more expensive than the 
author’s elaborate test, since fairly long steel cylinder and test head would 
more fabricate than the steel sphere which suggests using. 

applying the deformation relationships, the author’s equation (12) makes 
allowance for thermal contraction the steel after completion construc- 
tion nor does take into account the possibility plastic yielding the rock 
under sustained loading. These factors should not neglected. 

Despite the recognized weaknesses existing methods for proportioning 
the steel lining resist internal pressure, these methods, used intelligently, 
have produced great number successful conduits. Failures due burst- 
ing pressure are extremely rare. the other hand, buckling failures, due 
external pressure, have been relatively common. The author gives 
solution this important problem. 

The writer’s critical remarks notwithstanding, the author deserves con- 
gratulations for his courage presenting his views interesting and still 
controversial design problem. 
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STAVROS NICOLAOU,! A.M. ASCE.—Mr. Bleifuss has presented 
paper one the main problems underground power stations, namely, 
the design underground pressure conduits. 

Steel lined shafts have been designed the past withstand the full in- 
ternal hydrostatic and dynamic pressures, with allowable working for the 
steel stress equal less than the yield stress. However, this assumption 
did not sufficiently take into account the rock mass surrounding the steel 
liner. Rock great depth behaves homogeneous material, Mr. 
Bleifuss has assumed, with the rock pressure approximately the same any 
direction any particular point. Field measurements inside tunnels and 
galleries have shown that this assumption approximately correct. (1) 

The analysis Mr. Bleifuss assumes the partial transmission the 
water pressure from the steel liner surrounding “cracked” zone rock, 
and outer zone homogeneous rock. similar assumption was made 
for the the underground penstocks the Kemano project 
The author’s calculations, however, not include the effect 
the stresses the steel liner resulting from: 


The difference temperature between the surrounding rock and the 
water during initial 
The concrete lining between steel liner and rock. 


analysis will made taking into account the temperature differential 
and the concrete lining around the steel liner. For this analysis, the follow- 
ing notations will used (see Figure 1), addition those used Mr. 
Bleifuss: 


pressure required eliminate the gap p.s.i. 
internal hydrostatic pressure applied steel liner, p.s.i. 
p.s.i. 
gap between steel liner and concrete lining due the temperature 
difference, inches. 
radial deflection concrete lining radial distance “c,” inches. 
unit circumferential stress steel liner due the temperature 
difference, p.s.i. 
circumferential stress steel liner due internal hydrostatic 
pressure, p.s.i. 
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+f, total unit circumferential stress steel liner, p.s.i. 
allowable circumferential working stress steel liner, p.s.i. 
Poisson’s ratio for rock. 

0.0000065, coefficient thermal expansion steel, 

0.0000036, coefficient thermal expansion granite, 

3,000,000 modulus elasticity concrete, p.s.i. 


Analysis 


Conditions due Temperature 


very difficult predict underground temperatures tunnels and 
shafts. The study such temperature variation based only experience. 
The geothermic gradient, i.e., the depth below ground surface corresponding 
increase temperature 1°F, depends the thermal conductivity 
the rock. The thermal conductivity the rock function the types 
constituent rock minerals, chemical changes taking place, moisture content, 
structural features including altitude bedding, joints, faults, cleavage, etc., 
and other factors. For granite and crystalline schists, the geothermic gradi- 
ent generally ranges between 100 ft. and the Simplon Tunnel 
Switzerland where the rock was comprised gneiss, mica schists and some 
limestone, the average gradient was from ft. ft.(4) 

average gradient 1°F for each ft. depth reasonable as- 
sumption. Assuming ground surface temperature 60°F, the rock tempera- 
ture 500 ft. approximately 70°F. With water flowing through the pres- 
sure shaft 50°F, the initial temperature difference between surrounding 
rock Zone and water 20°F, and: 


= 0.00016r 


Conditions Concrete Lining Zone 


Assume radial cracks the concrete lining. Radial cracks result when 
the hoop tension transmitted the liner exceeds the tensile strength the 
concrete. The concrete liner serves only transmit the pressure from the 
liner the rock. The equations equilibrium and deflection, respectively 
(see the writer’s Fig. are follows: 
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For zones and representing cracked and homogeneous rock respec- 
tively, the relationships derived Mr. Bleifuss are applied, but also taking 
into account the temperature and the concrete lining conditions. 


General Equations 


Equating the deflections the steel liner and the surrounding materials 


Substituting (5) the writer’s value for from (4) and Mr. Bleifuss’ 
values for dg, and relationships (5a), (8) and (9) respectively the 
author’s papers, and expressing “a” inches: 


Application 


For comparison with Mr. Bleifuss’ results, the same data are used for 
inch diameter steel penstock, with inch concrete lining. The final 
circumferential stresses the steel liner are derived solving relation- 
ships (6) and (7) trial and error, and are tabulated the writer’s Table 
The stresses the steel liner, neglecting the temperature effect, are very 
close those computed Mr. Bleifuss. 

The writer’s Fig. plot the dimensionless parameter and 
versus This graph shows the effect the temperature difference 


the stresses the steel liner. For thickness steel inch, temperature 
stresses amount 25% 30% the total circumferential stresses the 
steel liner. also apparent that the concrete lining around the liner has 
very little effect the stresses transferred the rock. 

illustrative example, the grade stee! used Carbon Steel ASTM 
A-285 Firebox with yield stress equal 30,000 p.s.i. Curve based 
the formula for thin cylinders with full internal pressure taken the steel 
liner the yield stress. Curves and respectively, correspond 
data from the writer’s Table and the author’s Table wherein the allowable 
working stresses are equal 2/3 the yield stress. interesting 
note that considerably different values for steel thickness are obtained, de- 
pending upon the assumptions made. For and 
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Another important effect the stresses taken the steel liner which has 
not been included the above analysis the gap void existing between 
the steel liner and the concrete, and between the concrete and the rock. This 
gap occurs from shrinkage due the setting the concrete and results from 
high temperature rise and subsequent contraction and temperature drop. The 
effect the gap voids the stresses the steel liner can offset 
extensive program low pressure grouting. This program should consist 
two stages. the first stage, grout injected low pressures between 
the concrete lining and the rock. the second stage, which should take place 
fifteen thirty days later, grout injected low pressures between the 
steel liner and the concrete. Grout pressures from p.s.i. 100 p.s.i. 
have used for both stages numerous steel lined pressure tunnels 
shafts. 

cases where such low pressure stage grouting not extensive where 
the grouting technique has not obtained the desired results, the stresses due 
the gaps voids may amount much 100% 150% the tempera- 
ture stresses. these cases, the combined stresses from internal pressure, 
due both temperature differences and gaps between steel liner and concrete 
lining, may amount much 50% 70% the total stresses taken 
the liner. 

Additional grouting the rock higher pressures 150 p.s.i. 400 p.s.i. 
aids the redistribution the stresses taken the rock prestressing 
the rock; such grouting also induces compression the concrete lining and 
the steel shell. With efficient and extensive consolidation and cut-off grout- 
ing fissured rock, the cracked zone rock around the liner, the por- 
tion the internal pressure transmitted the steel liner can further re- 
duced. 

Concrete which has little setting shrinkage, present the best 
assurance monolithic encasement. Instead using conventional concrete, 
“prepakt” concrete may used, was the case the Kemano project. The 
point point contact the aggregate pieces and the rock together with the 
use cement base intrusion mixture minimizes the contraction the con- 
Prepakt concrete ft. thickness was placed the Kemano project, 
employing process low pressure grouting.(6) 


Simplification Trial and Error Method Presented Mr. Bleifuss 


avoid the trial and error method used Mr. Bleifuss determine the 
pressure transmitted the steel liner, the following relationships are de- 
rived: 

From the writer’s relationship,(5) neglecting the temperature effect and 
the concrete lining, and solving for Ps: 


(8) 


Expanding loge into series: 
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From the author’s relationship (7), where “a” expressed inches: 


log, (10) 


= 


Relationship (11) quadratic equation with the unknown and offers 
direct Ps. Using the author’s assumed data illustrative 
example, and using the writer’s relationship (11) the steel liner stresses are 
tabulated the writer’s Table The stresses are practically identical 
those computed the trial and error method Mr. Bleifuss. 


CONCLUSIONS 


From this discussion, apparent that the temperature differences and 
the shrinkage effect the concrete encasement should included the an- 
analysis determine the percentage the internal pressure transmitted 
the liner. However, Mr. Bleifuss’ analysis supplemented with the aforemen- 
tioned effects can used only approximate method, determine the 
stresses the steel liner. Field measurements and methods determine 
rock properties such modulus elasticity, crushing and tensile strength, 
and permeability are difficult, and not always offer adequate data for use 
the theoretical analysis. The effect the modulus elasticity the rock 
the determination the portion the internal pressure taken the steel 
liner has been shown the author’s Table The analysis should based 
whenever possible the value modulus elasticity for the rock deter- 
mined the field after the rock has been grouted. 

Another important factor the design underground pressure conduits, 
mentioned Mr. Bleifuss, the external hydrostatic pressure acting the 
pressure conduit when empty. This condition occurs infrequently, but some- 
times governs the design steel liners, especially when the pressure con- 
duits are situated very close reservoir. this case, stiffening rings 
anchorages into the rock may used stiffen the steel shell insure 
against buckling. Some designers, however, avoid the use stiffeners and 
anchorages because the difficulties encountered placing grout and ccn- 
crete. Where stiffeners are not used one solution design the steel liner 
with adequate plate thickness withstand external hydrostatic pres- 
sure equivalent the vertical distance from the center line the conduit 
the surface the ground. 

The problem the design steel liners for underground pressure 
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conduits, whether the external internal water pressure conditions govern, 
matter judgment, economics and adequate knowledge the natural 
site conditions. 
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WM. REID MARTIN, and Junior Members, 


ASCE.—The paper presented the author treats major problem modern 
hydroelectric project design. This welcome beginning and the writers 
hope that thorough understanding and basic criteria may the final out- 

The theory proposed seems applicable only one condition the 
many encountered tunnel design, namely tunnels through deep sound rock. 
There are least two additional rock conditions which merit treatment. 
These conditions exist where the surrounding rock completely incompetent 
(weak decomposed) and where the rock heterogeneous fractured but 
able carry considerable load. The latter condition more frequently en- 
countered and therefore, merits further consideration. The writers realize 
that theoretical approach these conditions must based similar sim- 
plifying assumptions. 

interesting method for the determination the modulus elasticity 
the rock presented the author’s paper. Such tests are not justified 
unless the surrounding rock basically homogeneous and appreciable sav- 
ings liner material can realized through this refined analysis. 

The method seems the best approach determining the rock modu- 
lus place. far the writers know there cheap quick method 
for determining this modulus. 

The author correctly states that sound rock must offer considerable re- 
sistance bursting pressure. order evaluate the contribution the 
rock necessary make assumptions regarding the condition stresses 
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existing the rock. Without giving any explanation the author adopts rela- 
tionship between the horizontal and vertical stresses, which appears 
based the assumption that the rock laterally restrained. This assump- 
tion differs from the Heim which assumes that rock great depths 
behaves plastic manner even liquid under its own weight. The 
pressure any point, according the Heim theory, would the same ail 
directions and equal the hydrostatic pressure using the density rock. 
The authors method realizes only about 0.2 the hydrostatic value the 
lateral directions. Other investigators have found that the magnitude 
stresses the rock much higher than can accounted for the weight 
overlaying strata. 

Another major assumption concerns the interaction between the steel 
liner and the rock. Here the author postulates that the radial deflections 
the liner must equal the radial deflections the rock. This implies initial 
contact between the steel liner and the concrete shell, which the author ap- 
parently accepts without question, and without reference the difficulties 
involved attaining such ideal situation. Any gap existing between the 
steel and the concrete (eg. due temperature differences between the water 
and the rock) unless some degree initial prestress created grouting, 
has closed stretching the steel thereby creating tensile stresses 
the liner which increase with the size the gap. 

The assumptions concerning the ration b/a, limit the applicability 
the author’s theory conduits great depth. The effective outer radius (b) 
the thick cylinder can only equal the height rock above the centerline 
the tunnel the rock sound for this full depth. This limitation excludes 
application design many conduits whose depth diameter ratio much 
smaller than the example the author. 

The forming “cracked” zone around the liner sound rock seems 
very questionable. Other theories have been proposed regarding what happens 
radial fissures were develop the rock. These, well the author’s 
theory, are not convincing since numerous installations tensile stresses 
which develop the rock appear have effect the safety the liner. 

The many uncertainties inherent the problem, make scientifically 
exact solution impossible. The author states that his theory should least 
give indication the order magnitude the stresses the steel lin- 
ing. would interest designers know what the author considers 
acceptable stress which would assure safety consistent with economy. 
the example given criterion suggested for comparison with computed 
stresses. 

The problem external pressures which often govern the design steel 
liners mentioned. The author merely observes that the liner should not 
buckle. Mr. Jaeger points out that “Most designers agree that external water 
pressure major problem, but opinions diverge considerably regarding 
the distribution the external pressure and even more regarding the 
methods stiffening the steel liner and the design the liner against 
buckling.” 

Because the many practical limitations basic the theories which in- 
clude the modulus elasticity rock, the radius cracked zone around 
the tunnel, and the effectiveness the contact between the liner and the 


Heim, “Tunnelbau und Gebirgsdruck” (“Tunnel work and rock pressure”) 
Naturf. Gesell., Zurich, Vol. (1905), 
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concrete shell, the methods presented for design must necessarily encompass 
many more conditions than the one proposed the author for tunnels deep 
sound rock. 

The subject the design theory for pressure tunnels has been treated 
previous authors. most comprehensive treatise given recent paper 
Charles Jaeger, entitled “Present Trends the Design Pressure Tun- 
nels and Shafts for Underground Hydro-Electric Power Stations.”4 Mr. 
Jaeger also presents extensive bibliography the subject. 


existing the rock, the author stated without proof the following equations: 


(2) 
where Poisson’s ratio, universally defined 


Any standard textbook elasticity(1) will show that eq. (1) valid the 
longitudinal displacements every point rock along the z-axis are zero. 
This the so-called plain strain case and reduces the problem two- 
dimensional case. This reasonable assumption. 

However, for eq. (2) valid, necessary make additional as- 
sumption that there displacement along the radial x-axis, and fact 
reduces the problem one-dimensional case. This assumption obvi- 
ously unreasonable. 

rigorous solution stresses rock around tunnel was given 
Terzaghi and also indicated the range possible values 
stresses near the tunnel. According these writers, much 
greater than rather than equal indicated author’s eq. (3). 

The author Was apparantly unaware previous attempts determine 
division load between the liner and rock. Gumensky and for in- 
stance, had solved the problem based the same consideration equal 
radial displacement. 
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Discussion 
“HYDRAULIC PRESSURE CONCRETE” 


Powers 
(Proc. Paper 742) 


ASCE.—The writer very interested Mr. 
Powers’ paper, especially the part dealing with the negative hydrostatic 
pressure hydrated cement and concrete. This subject has always raised 
some doubts the writer’s mind, and welcomes this opportunity thresh 
them out open discussion. 

When speaking negative hydrostatic pressure porous material brought 
about capillarity, necessary remember two important aspects 
the situation: the presence compression the solid skeleton and the in- 
crease the tension strength the solid material. This illustrated 
figures 1(a) and (b) representing part porous solid body aggrega- 

tion large number discrete 
solid particles, the voids between 
which are filled with water. The 
voids the rest the body, not 
shown these figures, are filled 
with air. the water dries, the 
menisci the boundary water 
and air are drawn in, and the sur- 
face tension them pulls the grains 
together. The water pressure 
the voids then drops below the at- 
mospheric: the sharper the curva- 
ture the menisci, the greater the drop. surface, such 1-1, close- 
approaching plane now passed across the body separating two 
through the points intergranular contacts, the resultant force this sur- 
face must zero, because external forces, apart from gravity, are acting 
the Since, however, negative pressure present the water cut 
the surface 1-1, there must also some positive pressure intergranu- 
lar compression acting the grains their points contact order 
effect the balance forces. the area grain contacts the surface 1-1 
forms only small fraction the total area, such one percent, the inten- 
sity intergranular compression must large, and this case must be- 
come 99t. The grains compressed the points contact are also sub- 
jected the negative pressure the rest their surfaces, indicated 
figure similar situation exists vertical capillary tubes, which 
the capillary rise and the presence negative pressure the water ac- 
companied compression the walls the tubes themselves. 

Again, the body shown figure subjected tension the surface 

1-1 some external tension force, its tension strength, which the dry 


Prof. Civ. Eng., Univ. British Columbia, Vancouver, Canada. 
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material solely determined intergranular bonds, 
now increased the negative pressure the wa- 
ter, because the process pulling the body apart 
necessary overcome, addition the bonds hold- 
ing thé particles together, the full extent the negative 
pressure the water. 
question naturally arising this connection 
whether possible for the water actually 
tension, rather than just state compression 
smaller than the atmospheric pressure. other words, 
does ordinary liquid water have appreciable tension 
strength? is, course, clear that the everyday experience dipping 
hand into water and taking out with practically effort indication 
the lack tension strength the part water. only proof the lack 
shearing strength. also realized that certain theoretical considera- 
tions physical chemistry related the energy associated with extension 
water surface suggest the existence high tension strength water, but can 
this proposition accepted without experimental proof? Nature often turns 
out more complicated than appears first glance. this particular 
case, statement that water can stand tension and, more than just that, ten- 
sion amounting much 14,000 #/sq. in., nearly 1,000 atmospheres, 
suggested the author, something that would need strong experimental 
confirmation before could accepted engineers. 

The rise moisture tall trees suggested proof capillary ac- 
tion accompanied actual tension water. California redwood tree, 
300 ft. tall, the water the leaves near the crown should be, claimed, 
absolute tension nearly atmospheres, -115 #/sq. in. However, 
this tension the water would place the solid substance the cell walls 
the leaves compression several times this amount, has just been 
explained connection with figures 1(a) and (b); how, then, can the slender 
framework the cells stand this pressure without being crushed? 

Furthermore, the compression the cell walls the leaves the treetop 
would create entirely different conditions growth than leaves near the 
ground, and the response the environment should produce perceptible 
difference the structure the leaves the top and the bottom the 
tree. However, such difference observed. Yet less drastic deviation 
from normal conditions, when tree grows angle vertical, that its 
trunk subjected bending, results the formation the so-called com- 
pression wood, which structurally different from normal wood 
useless construction material. 

Capillary rise water plays important part the behaviour soils. 
Some years ago the writer heard statements from the authorities 
Soil Mechanics the effect that capillary rise hundreds feet common 
fine grained soils and that accompanied appropriate very high ten- 
sion the water filling the soil voids. Strangely enough, however, most 
the books Soil Mechanics written the last years are silent this 
point and some even express different view. Thus, Taylor states that 
the actual tension strength water only one klg/sq. cm. (one atmosphere), 
although fine capillaries may somewhat Tschebotarioff 


“Fundamentals Soil Mechanics” Taylor, page 145, Wiley 
Sons, 1948. 
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refers capillary rise colloidal soils and more, with corres- 
ponding tension water 43.5 #/sq. in. and over, but carefully notes that 
these are all theoretical figures. 

Consider now the cement paste. The author refers self-desiccation 
cement hydration, phenomenon which was also observed the writer. 
The primary cause self-desiccation that the absolute volume hydrated 
cement somewhat smaller than the absolute volumes unhydrated cement 
and water, although much greater than the volume the unhydrated 
cement alone. Self-desiccation proceeds not only when the cement freshly 
mixed but also when hard and fact long there any hydration 
progress. the course self-desiccation bubbles water vapour may 
very well form the water the voids between the cement grains. The 
presence positive pressure the vapour bubbles would not, however, pre- 
clude the possibility high tension the water around the bubbles, the 
size the latter sufficiently small. With the size cement grains 
4(10-7) inches diameter, suggested the author, simple calculation, 
involving the value surface tension dynes per centimeter, would show 
that vapour bubbles may extend fully across the void, while tension 
in. even higher will maintained the surrounding water. 
The voids under these conditions may all filled with water, with the excep- 
tion the spaces occupied the vapour bubbles. Further desiccation may 
raise tension the water even higher, but the vapour space will gradually 
increase. this picture the stresses the water drying correct, 
there must great increase tension strength cement associated with 
drying. The experience, however, disproves this. The writer has done many 
tension tests cement involving standard briquets with one square inch 
the cross-section. The cement was manufactured the British Columbia 
Cement Company. The proportion mixture weight was 0.003 
pozzolith, water and cement respectively. After curing for one month 
moist closet some the briquets were tested moist, while others were then 
dried for week two the oven with special precautions pre- 
vent cracking. The strength the moist briquets was found about 700# 
and the dry about 1,000# with scattering the results both cases not 
more than 20%. Briquets partially dry showed intermediate values 
strength. There was indication these tests the strength approaching 
even remotely the value 14,000#. 

When tension appears the water from self-desiccation, compression 
many times, perhaps 100 times, this amount induced the grains 
cement their points contact. The intergranular compression developing 
the first few hours after mixing cement and water accounts 
for the shrinkage cement paste setting, but after this initial stage the 
paste acquires some hardness and, according experimental evidence, fur- 
ther decrease over-all dimensions the specimen nearly ceases. Yet 
self-desiccation continues and, according the author, the water tension 
and the intergranular compression are building up, the cement should deform, 
does when subjected ordinary compression external forces. 

The writer has found from experimentation with cement cylinders made 
the same proportion cement paste the above mentioned briquets, that 
when tested compression hardened cement cylinder 


“Soil Mechanies, Foundations and Earth Structures” Tschebotarioff, 
page 63, McGraw-Hill, 1951. 
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undergoes least 0.3% volumetric decrease before failure. early ages 
most this deformation, and later large part it, are due creep 
time effect. Why then does not cement keep shrinking under the action 
intergranular compression hardens and self-desiccates more and more? 
Since this compression triaxial, there danger failure, but the vol- 
ume decrease may expected many times 0.3%, the extremely high value 
intergranular compression, inferred from the magnitude the water ten- 
sion 14,000#/sq. inch, exists and the creep operation. However, accord- 
ing experience, there apparently appreciable shrinkage cement 
paste after initial setting, being cured the moist room. 
Deformability water has very important bearing the matters under 
consideration here. The coefficient volumetric compressibility water 


inch. the same coefficient governs also the volumet- 


ric dilatation, then the tension stress 14,000#/sq. inch should result 
increase the absolute volume water 4.8%, which corresponds the in- 
crease the average distances between the molecules 1.6%. But would 

the same coefficient applicable tension the water compression? 
seems clear that the tension coefficient cannot greater than the compres- 
sion coefficient, but may very well smaller, because the relatively large 
increase the distances between the molecules, which case the volumetric 
increase the water under the tension 14,000#/sq. in. should greater, 
even much greater, than the 4.8%. 

The magnitude volumetric dilatation mild steel ordinary tension 
may mentioned for comparison. yield point the dilatation only about 
0.05%. Beyond the yield point failure the volume remains nearly constant, 
which means that the total dilatation does not increase much above 0.05%. 
Comparison water and steel with regard their dilatations before failure 
may considered inappropriate because one body liquid while the other 
solid. However, transition substances, including both steel and water 
from liquid solid state, not accompanied large volumetric change, 
other words the density packing molecules both states compar- 
able. 

Thus, the large volumetric change occurring water under tension makes 
highly improbable. Again, looking the same phenomenon from different 
angle, the volumetric dilatation water will absorb much the decrease 
the volume water caused self-desiccation and drying, which will delay 
the building the negative pressure the water irrespective how high 
may go. 

appears from this discussion that either the tension strength water 
comparatively small there something the conditions present which 
prevents the high capillary tension the water from materializing. 
possible that the odd shape cement grains may prevent formation regu- 
lar menisci necessary curvature, the menisci bubbles were getting 
pricked the sharp corners the grains, thus dividing the water into dis- 
connected minute regions, receding drying the points grain contacts. 

Even the water occupying such minute rings actually high tension, 
such tension cannot measured piezometer and, being isolated small 
regions, cannot have any effect capillary flow, fact cannot con- 
sidered the same basis the water either under compression tension 
saturating the void spaces. incorrect, for example, speak the 
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difference positive water pressure one place and negative water pres- 
sure this kind another causing rise water some parts con- 
crete dams. 

With the water regions becoming sufficiently minute the water ceases 
liquid, since directional attraction caused close proximity solid 
grains deprives its property equality normal stresses different 
planes the same point. 

The difference tension strength dry and moist briquets amounting 
some 300# may attributed capillary tension the grain contacts, since 
some chemically uncombined water remains cement even after drying 
150°F. However, possible also that the increase tension strength 
drying due precipitation sodium, potassium and calcium salts dis- 
solved originally the water. Although the writer estimates the volume 
these precipitated salts not more than 1/2% the volume hydrated 
cement, placed strategic locations this substance may increase the 
strength cement materially. 

The considerations presented this discussion lead the writer the con- 
clusion that the existence very high capillary tension the water present 
cement voids, with resulting consequences, merely speculation, unsup- 
ported and some aspects strongly contradicted, the experimental evi- 
dence. This statement not intended detract from the value Mr. 
Powers’ excellent paper, presenting clear and concise form scientific 
opinion, with which the writer does not agree. Simultaneous presentation 
the two opposing views will contribute better understanding the subject. 


LAGINHA SERAFIM,! A.M. writer extremely indebted 


Mr. Powers for his detailed reference the former’s recent experi- 
mental findings the problem However the “doubt” “ex- 
planation” and “possible exception” the results the tests, stated the 
author, deserve comment. As, recent discussion another paper the 
same the tests and the apparatus used were described, they not 
need referred here. 

Firstly, needs stressed that the values the area factor given 
Table are the mean values obtained the various tests for three samples 
the same mix. For instance, making the correction for the compressi- 
bility the solid material the mortar, the three samples the mix cor- 
responding Ref. No. gave the following values the area factor water 
tests: (table following page). 

From this the writer concludes that there not any reason make ex- 
ceptions the results obtained water tests the series samples 
compact mortan and pure cement paste (Ref. No. 10, and 12). 

Secondly, when the writer obtained low values the uplift area the 
first water tests, which were carried out after series nitrogen tests, 
was inclined admit either that some water inside the pores the mortar 


Research Engr., Head Dam Studies Section, Lab. Nac. Eng. Civil, 
Lisbon. 

Laginha Serafim nas barragens” Publ. No. 55, Lab. 
Nac. Eng. Civil, Lisbon 1954. 

Laginha Serafim Discussion Permeability, Pore Pressure and Up- 
lift Gravity Dams Proc. ASCE, Sep. 904, Feb., 1956. 
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TABLE 
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(adsorbed water films) had abnormal viscosity that the procedure used 
for drying the samples for nitrogen test had caused extensive internal crack- 
ing the cement bonds. 

investigate the first hypothesis the necessity maintaining the water 
pressure round the samples for longer time was evident. The first tests 
made lasted two hours and then and hour tests were made. the re- 
sults obtained were the same, day test was carried out and this also 
gave identical results.4 Such results undoubtedly show that some the water 
inside the sample was not able transmit hydraulic pressures the solid 
matter during the time the tests. 

order check the second hypothesis, another set hydrogen tests 
were made samples dried dry air, i.e., without heating them. These 
nitrogen tests supplied values close unity and consequently did not differ 
from these obtained previously. slight increase the values the area 
factor were however obtained when these same samples were tested again 
after being dried oven 105°C. 

was noted too that, the nitrogen tests, the area factor increased 
slightly with increase fluid pressure. 

From all these results was concluded that the water films around the 
bonds the cement paste probably not have mobility. also appeared 
probable, view the results, that the drying the mortar, even without 
heating, causes cracking the cement paste, thus decisively increasing the 
value the area factor rich mortars. This being the case seems ad- 
visable continue adopt area factor unity for design. 

result the test referred was decided carry out similar 
tests, with water and nitrogen, ten cylinders compact granite. The re- 
sults these tests which are practically concluded are very curious. The 
samples were dried vacuum and tested with nitrogen and then dried 
oven 105°C and tested again with nitrogen. After that they were saturated 


Ref. fig. 7.19. 


Water 
0,42 
: 


Paper 904 DISCUSSION 


and tested with water. Such test gave equal values area factor nitrogen 
tests for the two conditions drying and also equal those obtained water 
tests. The mean values the results obtained far are the following: 


Nitrogen tests Mean value area factor 
Cylinders vacuum dried 20° 0.65 
Cylinders oven dried 105° 0.68 
Water Tests 


Cylinders saturated means 
vacuum and water pressure 0.65 


SERGE LELIAVSKY,! ASCE.—In the opening paragraphs his inter- 
esting paper Mr. Powers explains that the reason for its production the 
“avoidance the Report the Subcommittee Uplift 
Masonry Dams, published then proceeds outline what be- 
lieves adequate conclusion. 

This means that, the first instance, since were prevented (as ex- 
ceptional measure) discuss and criticise this report, such discussion and 
criticism are now coming light the form of, new, apparently independent 
papers; and the second instance, also clear that since the report 
question did not contain constructive conclusions, was really not report 
all, but merely, formal list earlier works the subject, published 
other writers. 

Shallow, though, the report may has nevertheless its value (nega- 
tive?) for will remain for ever evidence the fact that the Uplift prob- 
lem cannot solved from elementary considerations, but must approached 
higher level engineering mathematics; fact, possibly signifi- 
cant point that enumerating the various contributions the problem, the 
report the Subcommittee omits quote and explain some outstanding in- 
stances among its most advanced mathematical 

This last point materially important assessing the true value the 
author’s conclusions. will remembered this connection, that de- 
veloping his differential equations, Professor Terzaghi 
infinitesimal element delimited each its four sides (in the two- 
dimensional problem) surfaces rupture, which are physically possible 
porous medium, and are, therefore, structurally different from planes 
curves capable elementary symbolical transcriptions. Such surface 
rupture becomes, thus, the cardinal point the structural basis the en- 
tire theory, and the latter cannot, consequently, founded the information 
the unbroken micro-structure the concrete—except the light the in- 
formation its micro-failure. 

certainly true that the author the paper well-known authority 
the anatomy the hardened cement paste, but what we, engineers and de- 
signers, are interested in, the pathology this same paste. This general 
statement will next explained more explicit and specific terms. 


Civ. and Hydr. Engr., Cairo, Egypt. 

Trans. ASCE., Vol. 117, 1218. 

See writer’s contribution the discussion Mr. Carlson’s paper 
“Permeability, pore pressure and uplift Dams,” Proceedings Paper 
904. 
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the first instance the writer wishes place record his high appreci- 
ation Mr. Powers’ concise, but clear presentation the splendid work 
done the Portland Cement Association laboratories; but, nevertheless, the 
author cannot agree with Mr. Powers’ contention (see 2d. paragraph, page 
the effect that the quoted laboratory-work has direct bearing the up- 
lift problem dams. Because, essentially, uplift tests destruction 
were included the programs these laboratories. fact, the author’s 
implicit assumption that the same effective area controls both the deforma- 
tion specimen, the one hand, and the failure the dam the other, 
based nothing. 

the daily routine work actual (as distinct from imaginary) design 
work, are faced with numerous instances proving that the contrary the 
case; the area which depends the deformation reinforced con- 
crete beam larger than that considered the calculation its resistance; 
the second moment the buckling-reduction-formula the gross-moment, 
whereas the stress the same member calculated (at least, according 
modern practice) from its net area, etc., etc. Being they are, fully con- 
firmed extensive use, these commonly adopted design rules are based 
the fact that deflections depend average areas, whereas failure occurs 
the weakest section. This means that order safe and capable, there- 
fore, being used design, the uplift factor must derived from tests 
destruction, which depend the weakest section; and not tests deform- 
ation the specimen which must necessity yield the average area. that 
sense, consequently, the author’s assumption not satisfactory. 

Thus, far micro-structure concerned, the true, design-worthy 
percentage effective uplift area must more the way exception, 
rather than average. This conclusion cannot over-estimated, for re- 
cent information (both America and Egypt) tends show that the 
Gaussian frequency curve, which was heretofore believed generally 
good agreement with the facts derived from Nature, striking 
ment with such facts, the two extreme zones the range (see hatched 
areas Fig. 1). 


About 
area 


Fig. 


therefore extremely probable that average conditions—such for in- 
stance the imaginary twelve points contact gel particle—so aptly 
described the author, have bearing whatever the exceptional 
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conditions controlling uplift failure. This point will even more evident, 
the author’s conventional assumptions are viewed the light the infor- 
mation supplied micro-photography, which shows that the structure con- 
crete resembles the complicated pattern archipelago, rather than the 
classical simplicity Greek 

view these facts possibly surprising that extensive experience 
with destruction uplift tests—such for instance those carried out the 
writer5—tends nevertheless towards consistent value the uplift factor 
and this spite all steps taken provoke differences 
fairly obvious that such consistent results could never have been ob- 
tained, had this factor been dependent the vagaries the concrete micro- 
structure. 

explanation this surprising consistency has first been suggested 
Professor Raes® and later been developed and popularised the 
viz. that any uplift factor possible any micro-structure, depending 
the geometry the micro-failure. The fact, therefore, that destruction 
tests yield consistent results, due general physical law which controls 
micro-failure (as distinct from micro-structure). How this possible 
explained Figs. and 2b. 


See, for instance, the electron-microscope-photograph Professor 
Hast, reproduced page the Report presented the Congress 
Large Dams, Stockholm, 1948, Mr. Erling Reinius. 

Serge Leliavsky Bey, “Experiments Effective Uplift Area Gravity 
Dams, “Trans. Amer. Soc. Vol. 112, 1947, page 444 seq. 

Trans. Amer. Soc. C.E., Vol. 114, 1949, 266 and foll. 
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The micro-structure Fig. intentionally choosen irregular pat- 
tern, and what even more important, the conclusions derived therefrom 
not depend this particular pattern (as would have been for instance the 
case, had the author’s, classically ordained, twelve-point pattern been used 
basis for discussion). 

will clear from the figure that pure-shear failure which here in- 
dicated vertical lines, yields 100 per cent uplift factor. Should any doubt 
exist this point, reference Fig. will suffice confirm the validity 
the principle; fact, the pressures and being balanced the 
pressures and de, the net resultant the pressure i.e. and 
seen from Fig. the sum (A) always 100 per cent. 


Q.E.D. 


the other hand, remembering that this case the solid material 
ideal solid, follows that the inclined lines the same drawing, which rep- 
resent shear-cum-tension failure, correspond lesser percentage up- 
lift area, depending the slope these failure lines. 

The slope the surfaces failure under mechanical load frequently 
determined Mohr’s critical lines, similar criteria, but failure due 
interstitial pressure must naturally tend occur over rupture surface 
yielding maximum effective area. Hence, had the material been ideally 
homogeneous, the uplift area must have been, for all practical intents and 
purposes, 100 per cent. The irregularity the texture must, however, af- 
fect the ideal shear failure, and thus, reduce the uplift factor. measure 
this irregularity the empirical coefficient obtained from destruction tests, 
averaging about per cent. 

The writer ventures, therefore, suggest that the splendid work the 
Portland Cement Association laboratories should extended include 
destruction-uplift-tests, the lines used, any other manner believed 
advisable. 

This suggestion should way considered adverse criticism but 

tends only enhance and amplify the work already done. 
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